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FOREWORD 


This volume is one of a series of texts prepared by members of the 
staff of the School of Engineering of The Pennsylvania State College. 
While these books may be of value in coUe^e teaching and elsewhere, they 
are intended for use in adult teaching. 

Experience in extension service indicates that there is a great lack of 
teaching materials suitable for the instruction of adult classes. Such 
extension classes at The Pennsylvania State College are composed of 
individuals who wish to study material which has fairly direct applica¬ 
tion. This is particularly true of students who are working in industry 
who carry on part-time study, as well as others who are preparing for jobs 
in industry. A common school education may make up the entire formal 
schooling of many of these students. Such students qualify by reason of 
self-education in many cases and by experience in industry which consti¬ 
tutes a valuable apprenticeship. 

Extension instructors are selected on the basis of their practical ex¬ 
perience in a particular field as well as on the basis of their academic 
preparation. Text materials used in such classes should therefore be 
readable, understandable, and ^‘practical.” 

The author of this volume on Industrial Drawing, H. R. Thayer, 
Assistant Professor of Engineering Drawing in the Department of Archi¬ 
tecture in the School of Engineering, brings to his task a wealth of experi¬ 
ence in campus teaching and in extension instruction as well. He has 
published other text materials. This book is prepared, therefore, out of a 
rich background of practice. The book should constitute a valuable 
medium for teaching industrial drawing, particularly to adult students. 

This Industrial Series will include texts on mathematics, blue print 
reading, engineering drawing, mechanics, strength of materials, machine 
design, electricity, and others. While some theory will be included, stress 
will be laid on the application of the principles of these subjects to impor¬ 
tant practical problems common in industry. 

E. L. Keller, Director, 
Department op Engineering Extension. 

The Pennsylvania State College, 

June, 1942. 
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INTRODDCTION 

This book is written primarily as a text fo ’ those who wish to undertake 
the study of Mechanical Drawing* it is liinite 1 in its scope to such material 
and such amounts as the studciu can mideis*and in the brief period usually 
allotted to th(‘ subject. There are air(‘ady many good treatis(‘s on indus¬ 
trial drawing; w(‘ do not intimd u> compete' with th(\s('. Indeed we recom¬ 
mend tliem as excellent suppleme'ntary matc'rial. Those who intend to 
become proh'ssional draftsmc'n will do well to purchase at least one of 
these; they are really encyclopedias of drawing and contain some informa¬ 
tion about the fundanu'ntals of engineering. 

It is hoped that enough will be learned from this volume so that the 
a]:)prentic(' in the drawing room will make' rapid progress in his work 
and that he will be abk' to appreciate, understand, and use the largo 
amount of information contaim'd in the conventional treatise's on the 
subject. 

While the text has been arranged to be usc'd by re'gular classes, it is 
liope'd that it will be especially useful to those who must study alone. For 
this purpose the' explanatiems have' bee'n maek' dire'ct anel simple, yet as 
cennplete as is possible uiuk'r the circuinstane*e's. It is e'xpectejd that this 
same fe'ature will assist the)se in classes whe) woulel otlu'rwise fall be'hind if 
ce)mpelled te) be absent. The be)e)k is se) arrange'd that the' work re'quireid e)f 
a student njay be varieel te) ce)rre'S])onel with his ability or perhaps to include 
the pre)fe'ssional field in which he' is interested. 

Each k'sse)!! will contain sixte'e'ii qiu'stie)ns, fe)ur sketclu's, one lettering 
exercise, and five sheets of drawings. From these the' instructor should 
assign eight que'stions, twe) sketche*s, the exercise' in k'ttering, and a sheet of 
drawing. This assignment may vary with the ]:)rogre'ss of the class, with 
individual intere'sts, with the group ability or the ability of each student, 
as seems be'st to the instructor. 

This work is arranged for 40 exercises of three hours. The lessons are 
expected to occupy six hours each, although it is realized that this will mean 
a great deal of effort and some overtime. A quiz should be given occasion¬ 
ally; possibly after the completion of the fourth shec't, the eighth sheet, the 
twelfth sheet, the fifteenth sheet, and tl^ twentieth sheet. It would be well 
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if certain exercises were devoted to the examination of practical drawings, 
more particularly those of industrial concerns operating in the vicinity. 
Possibly one or two sheets of drawings might be added, based upon objects 
used or produced locally. Altogether, 50 three-hour exercises may well be 
used. 

This course has two principal aims: 

1. To enable men to make sketches or drawings that can be used by 
themselves or others. 

2. To enable men to understand sketches or drawings so that they can 
make other drawings or sketehees from them; order the necessary materials 
from drawings or sketches; estimate costs; make objects, inspect them, or 
supervise their making. 

We communiente with one another in three ways: by speech, by writing, 
and by pictures. Each type has a field in which it is best and most suitable 
for conveying our meaning. In industrial work we use these same three 
methods. However, writing and pictures have especial importance because 
the mstructions given in this manner can be preserved and duplicated, thus 
sending identical instructi(jns lo many persons and preserving and recording 
these instructions. The careful description of an object by written words is 
called ^^specifications,^' and the same task performed by pictures is called 
'^plans’' or ^^drawings.’^ 

dlie older way of manufacturing anything—a bridge, a building, or a 
machine—-was to fit each part to the work already constructed. The^ 
modern method, commonly known as mass production, is to determine in 
advance the exact size and shape of each part. This enables a large number 
of men to work simultaneously on a machine or oth 3r )bject, each man 
producing a single part with (equipment especially designed for the purpose. 
Thus, production is greatly increased and the cost is reduced. The method 
has the additional advantage that repairs and renewals of parts can be 
made quickly and cheaply. 

An essential part of all production, and especially mass production, is 
carefully prepared spc^cifications and drawings. Our attention will be 
directed toward the latter. Drawings for use in manufacturing may be 
divided into three classes. Each class is illustrated by its application to a 
small dwelling house. 

A perspective drawing is a representation of an object as it appears to the 
eye. Here the size of anything varies, not only with its dimensions, but with 
its distance from the eye and the angle at which it is seen. The ordinary 
photograph is a perspective. There are mi^chanical methods by which a 
perspective may be drawn; they will be considered only briefly in this text. 
The upper sketch in Fig. a is a perspective. 

An isometric or oblique drawing has a resemblance to a perspective, but 
it is much more easily constructed, and to a certain extent it is proportional. 
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Notice in the isometric drawing in Fig. a that parallel lines are parallel, 
instead of converging as in the perspective. 



ORTHOGRAPHIC 

Fig. a.—Different classes of di awings. 


An orthographic drawing may be regarded as a picture looking squarely 
at the main face of an object. To describe completely anything, two or 
more of these views are usually necessary. For example, the top view alone 
of a desk is not enough; it should be supplemented by a front view to show 
the heights of the desk and its parts. 

For many miscellaneous purposes, the perspective drawing, looking 
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diagonally at the main faces, is ideal. Howc'vcr, for industry there are 
several objections to its use: 

1. Angles are distorted and distances are not proportional. 

2. If a dimension is placed upon the drawing, there is often uncertainty 
as to the points between which it extends. 

3. Th(»rc is considerable difficulty in making the drawing. 

For these reasons the perspective is not often employed in business. Its 
main application is in preliminary building work wIktc it is desired to show 
the gc^TK'ra! appc^arance of the proposed structure. The thre(i objc'ctions 
given ab(jve hold to some exte^nt for isometric and oblitpie drawings, and 
thest^ are not often used in industry. Our main reliance, then, is the ortho¬ 
graphic skelcli or drawing; however, the pictorial drawings, that is, the 
p(‘rspectiv(‘, the isometric, and the oblique^, will be trc'ated bri(‘fiy. 


CLEARNESS 

JjOt US now suppose that a concern in Williamsport orders 100 machines 
from some company in Pittsburgh. The latter then prepares very careful 
orthographic drawings of thii <d)ject to be sold. The draftsman draws the 
top vi(‘W, the front vi('W, and the side vk'w, in each case looking squaredy at 
a face of the mnehine. Many important liiu's will be hidden; these will be 
made with short dashes. Oftcui these vii'ws ar(' so complicated that 
additional vu'ws are m'CCvSsary—a view of tlu' rear or th(‘ other vsid(\ A 
vk'w of an imaginary section cut down through th(' machine is frecpiently 
added to make the work ck^arer. 8ometim(*s views at an angle are shown. 
The one irnpoTtant thing is that tlu' draftsman must make clear beyond 
all qiK'stion ('V(‘ry last detail of the machine. Tlu' dra^vings must be under¬ 
stood by the head officials of the manufacturing company in Pittsburgh 
and of the purchasing company in Williams])()rt; and, above all else, they 
must be clear to the workmcm who make lh(‘ machin(‘s and set tluan up. 
Drawings that ivcpiire explanations and th()S(‘ about which ai-gunuaits 
arise are faulty. 


ACCURACY 

A great deal of value is attaclu'd in practice to the correct solution of a 
problem. An employee may know his subject thoroughly and be able to do 
his work very rapidly; however, it must be free from errors to be acceptable 
to his company. The superintendent and the foremen prefer men who are 
slow but accurate to those who are quick and talented but unreliable, 
although they seek especially men who have trained themselves to be both 
quick and accurate. 

It is difficult for a student whose mind is endeavoring to grasp new prin¬ 
ciples to pay close attention to accuracy. Nevertheless, accuracy should 
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always be borne in mind. Blame yourself for every mistake that you make. 
You may expect that errors in your lessons will be criticized, often severely, 
by your instructor. Please realize, however, that his motive is not based 
upon anger or impatience, but is an effort on his part to lessen future errors 
and thus make you a more valuable worker. Constant attention to the 
points mentioned below, plus continual pressure to make your work accu¬ 
rate, will in time produce great improvement. Do not allow yourself to 
become worried or overanxious, because this is lil’ely to make things worse 
rather than better. 

It is believed that the following suggesti( as will prove helpful: 

Read each question carefully. Every woid means something. 

Study each drawing until you understancl it as far as the question is 
concerned. 

Answer in figures and language that admit only the correct interpre¬ 
tation. 

Pause a few seconds and be sure that this is the right answer. 

Do this as quickly as you can and be sure that you arc correct. 


MAKING A DRAWING 

In modern industry when work is to be done, it is carefully planned with 
the aid of drawings. These may show things as they are at present, or they 
may represent jiroposed construction. In many cases, both are seen in 
order that the effectiveness of the two in combination may be studied. 

The drawing is first made in pencil; sometimes the pencil lines are inked 
to make it plainer. 

Th(' next step is to copy tlic drawing already made. Over the detail 
pai)er is laid a smooth, transparent sheet of tracing cloth. On this the draw¬ 
ing underneath is copied in ink. 


DUPLICATION—PRINTING 

Now many copies of this drawing of the plant will be needed for the use 
of the officials of the company. Any additional building or other improve¬ 
ment will be considered with the aid of this map. 

Let us also consider the order that we have already mentioned for one 
hundred machines to be delivered in Williamsport. Many men will work on 
these machines—pattern makers, foundrymen, welders, macliinLsts, ship¬ 
pers, erectors, and so forth. Many departments will be concerned, and each 
must have its copy of every drawing that shows any part on which it works. 
Also, the purchaser in Williamsport needs drawings for approval and per¬ 
haps for setting up and using his machines. Possibly 30 to 50 copies might 
be needed in an average case. There are several ways of getting these 
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copies, but the most common method for these and similar cases is to make 
blue prints. 

liie first requisite is that the drawing shall be made by opaque lines 
upon transparent paper; work in ink on tracing cloth meets this need. Then 
the drawing is placed in a glass frame with its face toward the light, usually 
an arc light. In back of this drawing is a chemically coated paper with the 
prepared surface also turned toward the light. In this situation the two 
stand for a short time, perhaps two minutes. In the shadow of the lines no 
change takes place, but elsewhere the light turns the chemical into a deep, 
permanent blue. Then the paper is taken out, washed, and later dried. 
In back oi each line th(' chemical washes off, leaving the white of the 
original paper. Tlic rest of the paper is blue; thus, we have the blue print: 
wliite lin^^s on a blue background. 

However, there are certain advantages to be obtained by a white 
background. Then the print looks more like a real drawing and it is 
easier to read changes, corrections, and notations that may be made upon 
it in pencil. 

A black print may be made in the same manner as a blue print, except 
that a different paper must be used. The result is black lines on a white 
background. 

RULES REGARDING LESSONS 

All answers, lettering, and sketches are to be done on one side of 83^" X 
11" cross-section papcT. 

Allow ample room in the margin and between answers for corrections 
and comments. 

Give only the answers; the questions need not be repeated. 

Pride yoursc'If upon neat, well-arranged work. It takes little longer and 
it is much more efficient when otluTS must use your drawings. 

Every sheet containing answers, lettering or sketches should have, 
neatly lettered in the lower right-hand corner, your name, the lesson num¬ 
ber, and the sheet number, thus: 

RADFORD, Lesson 6, Sheet 2 of 4 

The standard form and dimensions for the drawing sheets are as 
shown in Fig. 6. 

At the completion of the course, all sheets should be neatly bound to¬ 
gether. Please place them in order—answers to questions for Lesson 1, 
sketches for Lesson 1, lettering for Lesson 1, and Sheet 1; then, answers to 
questions for Lesson 2, sketches for Lesson 2, and so on. 
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Fia. 6.—Standard sheet. 


New 
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MATERIALS REQUIRED 

It will seldom happen that the student or the draftsman will possess 
complete equipment. Often he will be compelled to improvise an instru¬ 
ment or perhaps change some work to conform to what he has. On the other 
hand, he will sometimes find, especially in the larger drafting rooms, better 
tools or, perhaps, labor-saving devices. Howev('r, w(' shall explain only the 
usual standard equipment. You should have most of these although it is 
possible to do without some of them. The list is as follows: 

This text 

One set of drawing instruments 
One ruling pen 
Plain dividers 
Bow dividers 

One compass for pencil work 
One pen for the preceding 
One bow i^ciicil compass 
One bow ink compass 
One drawing board 
One T-square 

One triangle, angles 45°, 45°, and 90° 

One triangle, angles 30°, 00°, and 90° 

One irregular curve 

One architect's 12" triangular scale 

One protractor 

12 thumb tacks 

One 4TI pencil 

One 211 ])encil 

One pencil shar])ener 

One erasing shield 

One bottle of India ink 

One set of lettering pens 

One penholder 

One penwii)er 

On(' packet of paper containing 
15 sheets 9" X 12" detail paper 
5 sheets 9" X 12" vellum (tracing paper) 

2 sheets 9" X 12" pencil cloth 
7 sheets 9" X 12" tracing cloth 
60 sheets X 11" cross-section paper with light 
blue 8(piares to 
a])art both ways 

It is essential that the steel used in the drawing instruments be such that 
they will wear well. Otherwise the set is likely to cause its owner a great 
deal of trouble. For example, the threads will wear or perhaps ‘‘strip^^ and 
the pens will have to be sharpened continually. The best way to be sure 
that you get a good set is to deal with a responsible maker. 
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The rulmg pen (or nght-line pen), Fig c, is an instrument for making 
straight Imes in ink It should be about 5" long The mbs (the ends hold¬ 
ing the ink) should appear sharp when viewed along the opemng, and 
pointed but slightly rounded transversely to the opening If the mbs are 
dull, there is likely to be difficulty in drawing fine lines, if the mbs are too 
pointed, as seen transversely to the opemng, there is often difficulty in 



^POINTS ^L£GS HANDLE 


Fig c —A ruling pen 


d —Pliin dividers 


starting the ink line Usually, mw pens ai^ W( II shaipcned It will be 
found quite convenient to have two pem one foi thin lines and one for 
heavy lines 

Dividers arc instruments for M3ang off distances The plain dividers. 
Fig dj have two legs, each about 6" long The points should be sharp and 
make a small but perceptible hole in the drawing paper The length of tlie 
two legs should be exactly the same, when the dividers art* closed, the 
two points should come together The joint should be tight enough so that 
the angle between the legs will not change while the mstiument is being 
used; however, it should not be so tight that there is trouble in adjusting 
to the proper opening 

The bow dividers. Fig e, are about 4" long, its two legs aie opened 
and shut by a screw As in the plain dividers, the points should be* sharp, 
the legs of equal lengths, and the points should come togt ther when the 
legs aie closed To avoid wear on the sciew tin (ad, it is best when altering 
the angle between the legs to take the pressure off the thiead by com- 
picbsing the points with the fmgeis 



The compasses. Fig. /, are instruments for drawing circles. The legs 
should each be about 6" long; the lengt^hs must be exactly the same and the 
points should come together when the compass is closed. In one leg 
should be a double-ended, removable point; one of these ends is conical, 
while the other is a “shoulder” point. In the other leg should be either a 
pen for inking circles or a pencil. The pen, like the ruling pen, should have 
sharp nibs, rounded in a direction perpendicular to the plane of the legs. 
The pencil should be removable for renewals; a 4H pencil lead is beet. 
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The bow pencil and the bow ink compass, Fig. gf, are each about 4" in 
length. Like the larger compasses, each has a double-ended point about 
which each rotates. Like the bow dividers, the points should come together 
when the legs are closed and it is better to keep the pressure from the screw 



> _ ADJU STING SCREW 



Fig. g .—Bow comp:isses. 


thread. Like the larger ink compass, the pen must be well sharpened for 
good work. The pen for llie ink compass and the pencil for the pencil com¬ 
pass cannot be interchanged. These instruments are used for drawing 
small circles. 

The drawing board should be about 6" larger each way than the largest 
drawing to be placed upon it, and about thick. It should be made of 
white pine or some other soft wood, carefully kiln-dried. It is important 
that one of the shorter edges should be exactly straight. 

rHead 


1 

■*—7/^/5 edge rides ago ms f feff edge of drawing board 
j^Bfade ^—Xylonife Ruling Edge 

Lzzl. 


^Keep fhese screws fighf Hang if up 

by fhis hole 


Handle wifh care. Keep if dean wtfh socp and wafer. 

Fig. h. —A T-square. 

The T-square, Fig. /i, is used to draw horizontal lines, or as a base on 
which to rest the triangles so that other lines can be drawn. The long blade 
should be about the length of the drawing board. The T-square is much 
more convenient if there are long transparent strips fastened on to both 
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edges of the blade. The angle between the short blade where it is to rest 
against the short edge of the drawing board and the upper edge of the long 
blade should be about 90°. If the connection between the two parts is 
loose, remedy it by tightening the screws which hold them together. 

The size of the triangles to be used depends upon the space available for 
their storage and the size of the drawings upon which the triangles are used. 



Fig. t.—An irregular curve. 


The usual length of the larger leg is 8" to 10". The common material is 
celluloid, which has the great advantage of being transparent. 

Irregular curves, Fig. z, come in various sizes and shapes. The ones to be 
selected are those most likely to help in the work on hand. 

Scales are shown in Figs. 3a and 3b; the choice depends upon the 
profession that the draftsman intends to follow. The architect's triangular 
boxwood scale will meet the needs of this course. The scales given upon 
this may vary but will be about as follows: 

- I'-O" = I'-O" « I'-O" 

“ I'-O" * I'-O" 3" = I'-O" 

= I'-O" 1" = I'-O" 12" « I'-O" 

The protractor should be a semicircle of about 4" diameter; those made 
of a transparent material like celluloid are best (Fig. 3c). A larger instru¬ 
ment would be more accurate but it is needlessly expensive for this course. 
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For fastening drawings to the board, a dozen thumb tacks will be 
necessary. An acceptable substitute is a roll of Scotch tape. 

The draftsman needs a hard pencil and one fairly soft; 4H and 2H are 
usually considered best. 

The wood can be removed by a knife or by a pencil sharpener. A sand¬ 
paper block may be used to sharpen the lead, but the metal file is more 
effective. 

A hard rubber pencil eraser is a necessity; knives, razor blades, and 
erasers containing sand must not be used in removing lines from drawings. 

The erasing sliield, Fig. j, a strip of 
tin or other hard material with a varied 
assortment of holes, is a great help but 
it is not a iK^cessity. 

For ink use only waterproof India 
ink of some standard make. 

A few lettering pens in the drafts¬ 
man's assortment should have fine flexi¬ 
ble points like the Gillott 303 and 404. 
In addition there will be needed pens 
with fine stiff points, and also stiff pens with diffc'rcmt siz('S of ball points. 

The penholder should be suited to the individual needs; it must hold 
the pen very firmly or good work cannot be done with it. 

A small piece of cloth about the size of the hand is required for wiping 
and cleaning ordinary and ruling pens. The use of a penwiper is essential 
for a good quality of inking. 

All paper listed for use in this course except the vellum should have a 
firm even texture even after an ink lino has been erased from it. A compe¬ 
tent draftsman should be able to make a good clean line over a spot where 
an erasure had been made. 


o o O 



Fig. y.-~An eraser shield. 
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DRAWING STRAIGHT LINES WITH THE PENCIL 

First select one short edge of the drawing board that is exactly straight; 
if both edges are crooked, one edge of the b'.< ird should be planed. We will 
call this exact edge the working edge. It should be carefully protected 
against bumps and needless wear. 

Either side of the detail paper may be used. Fasten down the upper 
left-hand comer (directions are for right-lianded persons; in general they 
are reversed for left-handed peo[)le) about 6" from the top and also 6" from 
the left-hand side, the latter being the working edge. Sometimes the draw¬ 
ing is so large that the six inches cannot be obtained and then, of course, 
we must get along with less. 

Now, grasping the T-squaie by the left hand, make the upper edge of 
the drawing paper parallel to the blade and tack down the other comer. 



The fastening of two corners is enough for ordinary stiff detail paper. If 
the draftsman prefers, instead of thumb tacks he may use Scotch tape. 

Before any work is done with the pencil, it must be sharpened as is 
shown in Fig. la. Taper down about % inch of the wood and ^ inch of the 
lead and bring the lead to a fairly sharp conical point. If it is made too 
sharp, the lead may break or it may cut the paper. If it is too dull, it makes 
a mark which is too wide and it is hard for the draftsman to see where the 
point is going. 

To draw horizontal lines such as the top cutting and top border lines of 
the plate: 

Set the T-square so a properly held pencil will draw a line in the right 
place. Hold the pencil vertically except that it is tilted slightly forward as 
shown in Fig. lb. Tlien draw the lino/row left to right, holding the T-square 
firmly with the left hand. If the pencil is gradually turned a little, it will 
prevent the pointed lead from wearing unevenly. 

13 
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Fia. 16.—Drawing a horizontal pencil line. 



Fiq. Ic.—Drawing a vertical pencil line. 










DRAWING STRAIGHT LINES WITH THE PENCIL 16 

To draw a vertical line such as the right-hand cutting or right-hand 
border line: 

Set the T-square against the working edge, holding it firmly with the 
left hand. Then place upon the upper edge of the blade of the T-square a 
leg of a triangle. Slide the latter along until it comes to the right position. 
The acute angle of the triangle should point away from the head of the T- 
square. Then shift the left hand so as to hold both the T-square and the 
triangle and draw the well-sharpened pencil from you as is shown in Fig. Ic. 
Keep the pencil in a plane perpendicular to the drawing board but inclined 
a little forward. Be careful to keep successive ^>ositions of the pencil parallel 
as you draw a line; otherwise the Une will be orooked. 

To draw an inclined line, set the triangle in position and draw from left 
to right. 

When it is not known how long a line will be, draw it very lightly at 
first and then make it a clear sliarp black line by going over it again after 
its limits are determined. If one knows these limits, the line should be clear 
and black the first time it is drawn. 

SKETCHING 

Views arc made in two ways: 

When made by accurate instruments with distances equal to those on 
the object or proportional to them and the angles exact size, it is called a 
drawing. 

When lines are drawn free hand with angles and distances estimated, it 
is termed a sketch. 

Often drawings are made with parts that are not to scale, and some 
sketches are drawn very carefully, using straight edges. Such may be 
termed intermediate between drawing and sketches. It is best to learn to 
do real sketching; it is easy to adapt yourself to various aids. Hence all 
work in sketches is to be done entirely free hand. 

In general, the same kinds of views can be drawn by both methods. 
Sketching is more common for the simpler jobs, for less complicated objects, 
and for emergency work. 

The pencil used should be a well-sharpened 2H pencil, just soft enough 
to make a clear black line. The paper should be 834" X 11", marked with 
light blue squares, about on a side. 

In making a sketch, it is well at the beginning to decide upon some ' 
approximate scale, say, 4 squares to the inch. This scale is followed as 
closely as possible without taking too much time, estimating distances 
where necessary. When you are uncertain how far a line will go, make it 
light at the start and darken it afterward; but when its length and posi^ 
tion arc known, draw it with the proper weight the first time that the Une 
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is made. Care should be taken that the lines of the object are really black 
so that they stand out clearly in contrast to the center lines, the dimension 
lines, and the extension lines, which are made very light so that they will 
not be confused with object lines. 

It is important in sketching that you should be able to see clearly the 
relative position of points and lines and then transfer this relation to your 
sketch. If a line is curved it should be shown as such, and the length of the 
radius of curvature should have the same relation to the other parts in the 
original and in the sketch. 


LETTERING 

The following noints are of the utmost importance. Keep them clearly 
in mind without taking too much time: 

Clearness.—Above all else, either in a memorandum, a sketch or a 
drawing, the letters must be so plain that they cannot possibly be mistaken. 

Form.—Study carefully the shape of the letters given in this text and 
copy them as closely as you can. 

Slant.—The slant of the letters must be kept alike in a drawing or a 
sketch. The letters in your first set are vertical and must be vertical in 
your work. The letters in the latter set are inclined 20° from the vertical, 
and all lines that are vertical in the vertical lettering must be kept at this 
slant of 20°. 

Height.—Letters are usually from to high, varying with their 
importance. ()rdinary lettering should be about high. If there are one 
or more lines of lettering, use light pencil lines (guide lines) to keep the 
height uniform. 

Spacing.—Letters should be so placed with reference to each other that 
they appear to be equally spaced. It will be found that the actual distances 
between them are not quite the same. In Lesson 14 is a table giving numeri¬ 
cal values for the width and the spacing of letters with rules for their appli¬ 
cation. 

Execution.—Practice until your letters arc uniform in height and weight 
of line. The nervousness, the shakiness, and the inability to control small 
motions of the pencil will gradually disappear. 

REQUIRED WORK: LESSON 1 

Answer eight questions, make two sketches, do the lettering, and draw one sheet. 


Questions 

1-1. Explain the difference between the orthographic and the perspective view. 
1-2. ITow is a blue print made? 

1-3. What arc six important points in making letters? 

1-4. State how a vertical line is drawn. 
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Sheet 1-1 (Fig. le) 

1-5. How wide is Main St.? (The distance follows the name of the street.) 

1-6. Which lot do you prefer and why? 

Sheet 1-2 (Fig. Ih) 

1-7. What is the span (how long) of the roof truss? 

1-8. What is the greatest height of the bridges? 

Sheet 1-3 (Fig. U') 

1-9. Could we have another row of tennis r ^urts if we removed the track and 
football stands? 

1-10. The distance base to base is 90 feet. How many f(*et to the inch in the cut? 
1-11. How many yards are allowed for overrunning in the 100-yard track? 

Sheet 1-4 (Fig. Ij) 

1-12. Determine the number of enlisted men in this camp if there are eight to a tent. 
1-13. Count the number of wash rooms. 

Sheei 1-5 (Fig. 1/c) 

1-14. How many points are there? 

1-15. What is the greatest number of lines which meet at one point? 

1-16. How many lines are there? 

Sketches 

1-17. Sketch the perspective of some building with which you are familiar. 

1-18. Draw free hand the layout of Fig. le. 

1-19. Sketch a bow compass for inking circles. 

1-20. Illustrate the correct position of the hands when drawing horizontal lines. 
LETTERING (Fig. Id) 

Make these letters, both the vertical and the inclined, first 34" high, 
th('n ^6^' high, and finally }4" high. Do not put them on your finished 
sheets until you have practiced enough so that you can do a good job. 



oc 



oc 


OCc 



Fia. Id. 


The directions of the strokes are indicated by the arrows. The oru^i « 
shown by the number of strokes on the tail of the arrow. The last char¬ 
acter represents “and so forth." 
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SHEETS 

There are shown in this lesson Sheets 1-1,1-2,1-3,1-4, and 1-5. Go over 
all of these quite carefully until you understand how each is done. Select 
one of these and make it just twice as large; it is to be in pencil upon 
detail paper. 



The angles will remain unchanged by this enlargement. The distances 
must all be doubled. This can be done quickly by setting your dividers to 
the distance in the cut and then making the corresponding distance in your 
drawing equal to two spacings of the dividers. In making the measurement, 
rotate the dividers by the handle, taking care not to touch the legs after 
the instrument is set. 


DRAWING STRAIGHT LINES WITH THE PENCIL W 

Copy the lettering carefully. If it is changed at all, be sure that it is 
an improvement. 

Possibly you can make a better layout of the camp, the lot plan, or the 
athletic field, but do not attempt any changes unless they are approved by 
your instructor. 

Use a 2H pencil for your lettering and a 4H for your lines. 

Sheet 1-1 (Fig. le) 

This lot plan. Fig. le, consists largely of horizontal and vertical lines. 
Part of Market St. is oblique, its direction b< ing determined by the ends 



Fig. 1/.—Method of drawing two parallel lines with two triangles. 

of lines that are horizontal or vertical. To draw a lino parallel to an oblique 
line, proceed as illustrated in Fig. 1/. Set two triangles as shown, one of 
the legs of the 30-60° triangle in position (1) being parallel to a&. Then 
triangle (2) being held firmly in position, move the 30-60° triangle to posi¬ 
tion (3) and draw the line cd which is parallel to ab. There arc several 
other ways in which this may be done. 

To draw a perpendicular to an oblique line, Fig. \g: 



Fig. Ig .—Method of drawing one line perpendicular to 
another with two triangles. 

Set two triangles as shown, one of the legs of the 30-60° triangle in posi¬ 
tion (1) being parallel to the oblique line. Then, triangle (2) being held 
firmly in position, move the 30-60° triangle to position (3). There are sev¬ 
eral other combinations of triangles with which the perpendicular may be 
constructed. 
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Sheet 1-2 (Fig. Ih) 

In the roof truss, the spaces on the top are equal. The bridge truss has 
equal spaces on the bottom. In each case the portion that carries the load 
is equally divided. 






1 


■ 

2 ! 


-- 14 a 25'-- 350' -*- 


BRIDGE TRUSS 

Fio. lA. 
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Sheet 1-3 (Fig. li) 

Here is shown a typical athletic field with tennis courts in the upper por¬ 
tion and a hundred-yard track nearby. In the lower part is a baseball 
diamond which uses a portion of the football gridiron as its plasdng field. 
Stands are provided for baseball and football. 



Fig. li.—An athletic field. 
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Sheet 1-4 (Fig. Ij) 

Here there is shown a typical camp for about 1400 men. 
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Fig. \ j .— An army camp. 
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Sheet 1^ (Fig. Ifc) 

This is a plot of points in a triangulation survey. The two bases are 
measured, angles are taken at all points, and then all distances are com¬ 
puted. 

We have now reached the end of your first lesson. Be sure that the 
work you have turned in is the best of which you are capable. 



Fig. lA;. 


LESSON 2 


DRAWING CURVED LINES WITH THE PENCIL 

DRAWING CIRCLES IN PENCIL 

First place the needle at one ('nd of one leg of the compass so that the 
^^should('r’^ IxMnt is out. Next, in the other k'g place a hard (4H) lead. 
This is to b(i sharpened to a chised point so turned that it will lie in the cir¬ 
cumference) of the circle that is to be drawn. Finally, adjust the length of 



these two so that the chisel point comes halfway in length between the 
point of the needle and its shoulder. 

To set the compass to a given radius: 

First lay off the required distance on paper, preferably where the circle 
is to be drawn, and then set the compass to this measurement. It is best to 

24 
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test it by making an arc and measuring the radius so obtained; if it does not 
agree with that required, then the compass must be reset. 

To draw a circle, Fig. 2a, first set the legs the proper distance apart, 
keeping the handle and the needle point perpendicular to the plane of the 
paper. Then rotate it by the handle in a clockwise direction. The compass 
is inclined slightly forward as is shown in the cut. After the compass is set, 
the fingers should not come in contact with the legs. 

Bow compasses are preferred where they arc large enough; when they 
are too small, the plain compasses must be used. The former are more 
easily adjusted and there is less likelihood t f their radius being accidentally 
shifted. 

Arcs and circles should be drawn before an} straight lines with which 
they connect. Usually, much care is exercised to make the circles accurate; 
then the connecting lines are made to iiial ch. It is much easier to connect a 
straight line to a circle than it is to make an arc to fit a line. 

Small circles are sometimes drawn free hand. However, the best 
practice is to do this omy for circles too small to be drawn by ordinary 
compasses. 

IRREGULAR CURVES 

Suppose that we have a series of points through which a line must be 
drawn. The treatment varies according to the conditions: 

If the points are locaU'd on a line of nature—a creek, a shore line of the 
ocean, the surface of the ground, or something similar—we call it a natural 
curve, and it is drawn free hand. 

If the points are on an artificial line—for example, a wall, an edge of a 
casting, or one side of a winding highway—we call it an artificial curve, and 
it is drawn by instruments. It is customary to represent laws and rules 
(for example, see Fig. 2m) as artificial curves. 

Drawing Irregular Natural Curves with the Pencil 

Draw firmly and steadily but free hand a clear black line through the 
points in question as shown in Fig. 26. Be careful to turn the line steadily, 
avoiding all appearance of sharp angles. 



Fig. 2b .—Drawing an irregular curve. 


Drawing Irregular Artificial Curves with the Pencil 

The first step is to draw the line free hand in pencil as for natural 
curves, except that the line must be very light. Then fit the irregular curve 
(the instrument) to the free hand line. Do not draw the line for the full 
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length that the curve fits but stop an eighth of an inch short at either end. 
If the connecting line on either side is already drawn, make the curve (the 
instrument) fit it for at least inch. Be certain that the curve is tangent 
where it should be and that there are no sudden changes of direction unless 
they arc on the object that you arc drawing. 

Sometimes a circular arc can be used to advantage as a part of an 
irregular curve, as in the portion of the ellipse shown in Fig. 2c. In this 



case, on account of the symmetry of the (dlipso, th(' small circle as well as 
the large circle can b(' used, each in another place. Tlu' irregular curve, 
position (1), may be used again; and, by turning over the same kmgth may 
be employed twice' more'. Similarly, the irregular curve, position (2), 
may be used four times in all. 


LETTERING 

The operation of making these letters calls for the characteristics already 
indicated in the preceding lesson. 

Letters and words must be such that their meaning is very clear. Use 
abbreviations and symbols only when you are certain that there will be no 
possibility of misunderstanding their meaning. 

The forms of letters are important. When you are making a letter for 
the first time, study the form shown in the text very thoroughly and then 
copy it as carefully as you can. For example, the angle at the top of the 
A on the normal letter should be 53° and the horizontal bar should be one- 
third the way up. For letters that are spread out, the angle may be 
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increased; for letters that arc compressed, it may be decreased. However, 
if the angle or the height of the bar is materially changed except for apparent 
causes and similar changes elsewhere, it will hurt the appearance of your 
lettering. A table giving the numerical proportions of letters is in Lesson 14. 

The crowding together of letters to form words and sentences makes a 
uniform slant absolutely necessary. The best way to do this for inclined 
lettering is to draw very light lines of the proper slope (about 20° from the 
vertical) across the part to be lettered. Similar reiisons make height im¬ 
portant; light pencil guide lines arc used by most good draftsmen. 

Practice is required for good lettering. The greatest efficiency is 
obtained by periods of about half an lamr. Try to do your lettering only 
when your mind is capable of (*ontimial effort lo improve. 


ERASURES 

Mistakes must be corrected by remo\ing the erroneous material. Often 
when there are no errois, changes are made necessary by alterations in 
design. 

A hard ruby eraser is best for pencil and ink lines. (Soft erasers and 
art gum are well adapted for cleaning a drawing.) Paper, especially the 
thinner kinds, must be firmly held while the draftsman is rubbing. To pre¬ 
vent the erasure of portions that are correct, it is best to use the eraser 
shield, selecting the most suitable opening. Sometimes a piece of paper is 
held firmly over the part which is not to be changed. 

Try a new rubber on a scrap of paper. If it leav(\s a discoloration, cut 
off the surface of the eraser and try again. If it does not now leave a clean 
surface, get a new eraser. 

REQUIRED WORK: LESSON 2 

Answer eight questions, make two sketches, do the lettering and draw one sheet. 

2-1. Explain the method of setting the legs of a compass to the desired radius. 

2-2. What is the difference between a natural curve and an artificial curve? 

2-3. Describe the method of making erasures upon a pencil drawing. 

2-4. In which direction should a compass be rotated? 

Sheet 2-1. Distance Diagham (Fig. 2e) 

2-5. In a right triangle, one leg is 3" and the other is 5". What is the hypot¬ 
enuse? 

2-6. The acute angles of a right triangle are 15 and 75 degrees, and the hypotenuse 
is 4". What are the lengths of the two legs? 

2-7. The large leg of a right-angle triangle is 10", and the acute angles are 30 and 
60 degrees. What is the length of the other leg and the hypotenuse? 

Hint: Divide the length by two, solve by the diagram, and then multiply the answer 
by two. 
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Sheet 2-2. A Pump Handle (Fig. 2g) 

2-8. How many boles are there in this piece? 

2-9. What is the greatest width of the pump handle perpendicular to its axis? 

Sheet 2-3. A Park (Fig. 2h) 

2-10. How many tangents (straight lengths of streets) are tluTc in Paradise Drive? 

2-11. Determine the number of sides in the flower bed. 

2-12. What is the shape of the space allotted to the shrubs? 

Sheet 2-4. Contours (see instructions for drawing, Fig. 20 

2-13. What are the dimensions of the area shown? 

2-14. About what will be the highest elevation in the tract? 

Sheet 2-5. A Discharge Diacjram (Fig. 2m) 

2-15. How much water will be discharged by a 10" i)ipe running full on a grade of 
4 feet per hundred? 

2-16. What size of pipe running full v^ill be required to carry two cubic feet per 
second on a grade of 3 feet per hundred? 

SKETCHES 

2-17. Sketch the pump handle 

2-18. Sketch Paradise Drive, Sheet 2-3, and revise the arrangement of the flowers 
and shrubs to suit your own ideas. 

2-19. Sketch the correct position for drawing a circle with a bow compass. 

2-20. Take a sheet of transparent paper and copy sheet 2-4. Then by trial run a 
line from the lower left-hand corner to the ui)per right-hand corner, using equal distances 
from each contour to the one below. The work may be done most conveniently with bow 
dividers. Make the last step at the ui)per right-hand corner a half space. Then sketch 
in this line. It would be the center line of a highway on the siirface of the ground that 
would have a uniform grade. 

LETTERING (Fig. 2d) 

In this lesson we take up letters that are partly of curved lines. These 
portions are parts of ellipses and should be drawn as such. 

Sequences and directions of stroke arc indicated as in Lesson 1. 

Letter, like Fig. 2d, all the letters shown therein, both vertical and 
inclined, first 34" high, then high, and finally high. 



Fto. 
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SHEETS 

Here again all sheets are to be studied, but only one plate out of five is 
to be selected and drawn. Copy this but make it just twice as large. All 
work is to be in pencil on detail paper. Use a 2H pencil for your lettering 
and a 4H for your lines. 

Sheet 2-1. A Distance Diagram (Fig. 2e) 

This should be laid off directly by t’m student rather than copied. 
Place a 5" X 8" rectangle in the middle ol your working space and divide 



Fig. 2e. 


very carefully as shown. The angles 30°, 45°, and 60° may be drawn by one 
of your regular triangles. The angles 15° and 75° may be laid off by your 
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two triangles in combination, if we recollect that 45® + 30° = 75° and 
45° — 30° = 15°. Figure 2/ shows how angles of 15° and 75° from the 




Fig. 2/. 


horizontal may be obtained. Other combinations can be arranged to give 
the same result. 

Extreme accuracy is required to make this diagram of practical value. 
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Sheet 2-2, A Pump Handle (Fig. 2g) 

In the cut in your text, divide the inclined dot and dash line into short 
intervals. Then copy the center lines and the intervals on your sheet, mak¬ 
ing all lengths twice as great on your drawing, and erect perpendiculars at 
each division point. Then locate on the cut enough points on the pump 
handle to determine accurately its shape. Place these same points upon 
your drawing, making the distances from the inclined center line and its 
perpendiculars twice the same values on t^e cut. Be very careful to get 
smooth curves throughout the drawing. V^here there is a circle or an arc 



of a circle, locale its center its indicated above and draw the arc with twice 
the radius in the cut. In general, circles should be drawn first. 

Sheet 2-3. A Park (Fig. 2h) 

Draw a horizontal line and a vertical line through the center of the cut, 
and then do the same in the working space in your sheet. Then in the cut 
select the important points and drop perpendiculars to the center lines just 
made. Draw the corresponding perpendiculars upon your sheet, but make 
all measurements twice as great; their intersection will determine the 
selected important points. Locate first the centers of the curves; then 
draw the curves, using, of course, double radii, and finally connect these 
curves as shown in the text. 
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Suppose in Fig. 2i, it is required to connect two intersecting lines abc 
by a curve of radius B. Draw parallel to ab a line distant R from oft, and 
similarly a line distant R from be. Their intersection at o is the center of 


f 



Fig. 2j.—Construction of a curve l)etween a line and a curve. 


the required curve. The lines od and oe, perpendicular, respectively, to ab ' 
and bCf determine the length of the curve. Usually bd and de are erased 
upon the finished drawing. 

In Fig. 2j let it be required to connect the curve of radius R and the 
straight line de by a curve of radius S. It is clear that the center of the 
new curve will be distant R + S from /. It is also plain that the center 


sought will be on a line distant S 
from de. Hence from g where the 
new line intersects the new curve we 
draw a curve with radius N. Con- 
nect jg and drop a perpendicular 

from g to de to determine the limits / . '' 

of the curve of radius N. The / sp*" 30 \ 

projecting line and the projecting -{-- 

curve are usually removed from the \ / 

finished drawing. \ j / 

The center of the five-pointed 1 

star may be determined, as for other 1 

centers, the circle drawn that in- ^I 

eludes its points and one star point 

located. Then divide the circle by F,a. st.-Construction of a hexagon, 

trial into five equal parts, using your 

dividers. Finally connect the first point with the third, the second with 
the fourth, and so on, and erase the center part of the lines. The inside 
lines may then be drawn, using the method explained for Sheet 1-1. 
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The six-pointed flower bed can be drawn in a somewhat similar manner. 
It is quicker, however, after having located the center, drawn the circle and 
determined the top point, to proceed as shown in Fig. 2k. Here two 30° 
lines determine everything. Note that be and ef are vertical and ab, af, cd, 
and de are inclined 30° to the horizontal. 


Sheet 2-4. Contours (Fig. 2/) 


This field is laid out in 100-foot squares which should be 1" apart on 
your sbe(*t. Lay these squares out first. Then draw the irregular lines 



Fig. 21 .—A survey with contours. 


from their intercepts (points where the irregular lines cross the squares). 
Be careful to sketch them between these intercepts as much like the cut 
as possible. 
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About in the middle is a creek. The other irregular lines are lines of 
equal elevation. For example, every point in the hne marked 1260 is 1260 
feet above some point, probably sea level. Every fifth line is heavier and 
is numbered. 

Lines of equal elevation are called contours. 

Sheet 2-5. A Dischakge Diagram (Fig. 2m) 

Proceed here as in the procciling sheet, but use an irregular curve to 
draw the curved lines. Ask your instruCui r if you do not see how this 
diagram works. 
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VIEWS. SURVEYING. SCALE PROTRACTOR 

The purpose of drawing is to describe an object in such a way that a 
pc^rson trained in the art can understand exactly what is meant. For ex¬ 
ample, if a man decides to build a home, he first has an architect prepare 
views of the proposed dwelling place. These views are so chosen that they 
completely describe the house. They arc used by everybody. The family 
go over them to be sure that they represent what they want. All con¬ 
tractors use them to prepare their bids; the successful contractor builds 
the house from them under the supervision of an inspector who verifies the 
agreement of the building ^\ith the drawing. For all these uses, the views 
must be clear, complete, and accurate. 

These views are practically what one would get with a camera pointed 
squarely at the object. They are changed, however, very slightly, so that 
each measurement is exactly the same as that on the object; or very often 
in practice, distances are reduced while angles are unchanged, leaving draw¬ 
ings much like the object but smaller. 

An orthographic drawing is one in which the distortion, seen when 
viewed by the eye, is entirely removed. It is a view in which the eye is sup¬ 
posed to be directly opposite every point repn sented on the drawing. It 
may also be defined as the outline obtained when perpendiculars are 
dropped to an imaginary plane, this plane being usually located parallel 
to an axis or face of an object. 

In some cases, only one view of an object is needed; thus the plan of 
lots in Fig. le may be regarded as a view taken from an airplane overhead. 
Sometimes a single view will do in connection with a note; for example. 
Fig. 2g would fully specify the pump handle if the thickness were given and 
also the scale of the drawing. Again the information is implied rather than 
expressed; for instance, in Sheet 3-1, the object that is marked a shaft is 
known to be round; hencc» no other view is needed. Perhaps the most fre¬ 
quent use of the single view is in surveying. 

Surveying is done by measuring horizontal distances and by taking 
angles with a transit that records the angles in a horizontal plane. It follows 
then that these distances and angles are exactly what we would see if we 
were directly above and looked down on that particular portion of the earth. 

Now to make a drawing corresponding to the survey (usually called a 
plan), we measure the distances on the paper with a scale and the angles 
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that were turned ofif with the transit we lay off with the protractor. That 
is, the plan shows the same angles as the survey, and the distances, too, are 
the same or all reduced in the same proportion. 

It is usually necessary to make the drawing smaller than the land that it 
represents. Often 1 inch on the drawing is made to represent 50 feet on the 
ground; this of course is a reduction of 600 to 1. It would be awkward and 
likely to lead to mistakes if we had to divide each distance by 600 before 
laying it off with a rule. Instead, we have a much easier way; we have 
scales that make the reduction for us. 

The common type used in surveying is the decimal scale made in a 
triangular form of boxwood. This is shown in Fig Jia. There are six edges 


L 


1 inch dividittd into tonthc, mcy b« uo«4 
to roprooent 10 ft., or JOib*., etc. 


|B 





m 








iiiwiiiiiiiiniil 


On the “5o” oeole ehown here, I"* 5ft,or 50*.or 50,000^*, «tc. |.*_p 

5 port* divided Into tenths. 

Decimal or '^Engineer's^ Scale 

Fig. 3a. 


on a scale of this kind; on eacli edge there arc measurements that give a 
certain reduction ratio. A common arrangement is to have the following 
reductions: 


1" = lo'-o" 
1" = 20'-0" 
1" = 30'-0" 
1" = 4()'-0" 
1" = 50'-0" 
1" « 60'-0" 


a reduction of 120 to one. 

240 to one. 
360 to one. 
480 to one. 
600 to one. 
720 to one. 


On the two edges visible in the cut, the scales arc V' — 10 -0 and 1 
50'-0". As will be evident from its use and from the notation on the cut, the 
first may hkewise be used for 1" = I'-O" and 1" = lOO'-O"; the second for 
1" = 5'-0" and 1" = 500'-0". 

Let us examine more carefully the scale for 1" = 50^-0^^. Here we will 
find that each inch Ls divided into 50 parts; hence, at 1 inch to 50 feet, each 
small part represents 1 foot. Usually every fifth division is made longer, 
every tenth one longer still, and every twentieth one is numbered. 

Let us suppose that 64 feet is to be measured at a scale of an inch to 50 
feet. We first set 0 on the scale at the starting point, then count off 64 
little divisions along the scale. We are helped by the fact that it is just 
four httle divisions beyond the large division marked 6. That is, the 
interval from 0 to 4 httle divisions beyond the 6 on the side marked 50 
represents 64 feet at a scale of 1" = 50'-0". 
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The scale that we have just used is the decimal scale. Figure 36 shows 
the architect\s scale. Here we have usually the following reductions: 


3^" - I'-O" 

a reduction of 9G to one. 


54" = I'-o" 

48 to one. 


54" - I'-o" 

24 to one. 


1" - I'-O" 

12 to one. 


?i2" = I'-o" 

128 to one. 


?i6" - I'-o" 

64 to one. 


Jk" = I'-O" 

32 to one. 


?4" - I'-o" 

16 to one. 


== r-o" 

8 to one. 

One eighth scale 

a" « r-o" 

4 to one. 

One quarter scale 

12 " = r-o" 

1 to one. 

Full size. 


Half size is used quite a bit and it is sometimes placed upon the scale. 
Note particularly that the first ten are arrang('d two to an edge, one 


84 '- 0 ‘' •I'icalc 
6 


f-Lflt.gii ^ . 

1 ” 


p_L 6 '- 9 '»-- 

1 n r 




1 

■MUlilB 

1 
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T ? T ? T 

T ‘L 1 


-— 4 '- 9 "crKoi« )-4 

- 2 '-a"Cr*cale)— 


Common or Architect Scale 

Fi(,. 


reading from each end. At either end we have a foot (at the reduced 
size) divided to represent inches. 

Let us consider the' scale which represents }/i" = I'-O" or one-twenty- 
fourth size. At the end to the left of 0 is a foot divided into twelve parts 
representing 1 inch, or, as in the cut, into twenty-four parts each 
To the right of the 0, marks are placed apart, each representing a foot 
with every second foot numbered. Thus to measure 4'-9", set 9" on the 
subdivided foot at the point of beginning; then the end will come at the 
line marked 4, all as shown in the cut. A beginner may prevent mistakes 
by also measuring the proper distances in inches; for example, 4'-9" at 
to the foot is 4^ divided by 2 = 2%". 

In measuring distances use a pencil well sharpened to a conical point. 
Be careful to hold it vertically directly opposite the proper line on the 
scale, marking points with very light dots. Do not confuse the feet on 
the architect’s scale which are numbered from cither end. Remember that 
3^" = I'-O" is not half size but one twenty-fourth size. Similarly, quarter 
size and 3^" = I'-O", also eighth size and one-eighth inch to the foot are 
entirely different. 
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When a distance is subdivided, lay off the total first and make the sub¬ 
divisions to fit. 

The dc'cimal scale is used in surveying, in diagrams, and in the graphical 
solution of some problems. The architect’s scale is used in drawings for 
buildings and for the shop. 

The angles in a plan are measured by a protractor; Fig. 3c represents a 
common type. In determining the amount of an angle, both lines should 
run beyond the protractor. In laying off an anglo; the line from which the 



angle is turned should project each side. Be sure to set the point which 
marks the center on the instrument exactly at the anglo point. Care must 
be taken at all times that the line marking 0 and 180 degrees on the pro¬ 
tractor is exactly on the proper line. The way in which the instrument is 
read is shown in the cut. Be very sure to obtain the angle properly; for 
example, be careful to read the angle shown as 52°-20', not 67°-40' or 
47M0'. 

Directions in surveys are often given as angles from the north or south. 
Thus, in Fig. 3d.- 

N 20° E means from the north 20° toward the east. 

S 40° E “ south 40° toward the east. 

S 60° W “ south 60° toward the west. 

N 78° W “ “ “ north 78° toward the west. 

For reasons that wc camxot discuss here, bearings and distances should 
be run continuously around a subdivision, and bearings should be in the 
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Fig —Boarings 
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I iG 3c Bearings of a field 
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direction of the lettering as in Fig. 3e. This brings some lettering upside 
down, which, except in special cases like this, is very objectionable. Notice 
also that in surveying, distances are merely written near the line whose 
length is given. This practice is usual in mapping, e.xcept where it might 
lead to uncertainty. 


LETTERING 

In this lesson, we take up letters that are wholly of straight lines. 
Nevertheless, you should draw them free hand, making them as straight as 
you possibly can. 

REQUIRED WORK; LESSON 3 

Answer eight questions, make two sketches, do the lettering, and draw <nie sheet. 

3-1. What is a Ix^aring? (A directii n not a mechanical d(‘vicc.) 

3-2. Name the t.wo kinds of scales employed in drawing. 

3-3. What instrument is used to measure angles? 

3-4. State the reduction elTc'ited by the use of a scale, = I'-O". 

Sheet 3-1 (Fig. 3^) 

3-5. What is the diameter of the rivet? 

Note. This is the least diameter, the diameter of the rod from which the rivet was 
made. 

3-6. Scale the overall length of the cotter jiin. 

3-7. Determine by scab* the greatest diameter of th(^ shaft. 

3-8. How far is it vertically bet,ween the upper lengths and the lower central length 
of the reinforcing bar? 

Sheet 3-3 [Fig. Sh (Scale half size)] 

3-9. Det(*rmine the diameter of the large hole in the gasket. 

3-10. What is the extreme length of the gasket? 

3-11. State the diameter of the shaft of the inlet valve. 

3-12. Obtain its extreme length. 

Sheet 3-5 [Fig. 3i (Scale half size)] 

3-13. What is the size of the largest wire that can be measured by the wire gage? 
3-14. How many different wire gages are there? 

3-15. What is the size of the largest hole in the drill gage? 

3-16. Determine the radius of the curve at the end of the drill gage. 

Sketch the following objects: 

3-17. The rivet in Sheet 3-1. 

3-18. The gasket in Sheet 3-3. 

3-19. The center gage shown in Sheet 3-5. 

3-20. A protractor. 
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LETTERING 

Letter like the text all the letters shown therein, first 34" high, then 
^6^' liigh, and finally 34" high. 



Fia. 3/. 


SHEETS 

Here again all sheets are to be studied but only one oul of five is to be 
drawn; this is to be in pencil upon detail paper. Sheets o-l, 3-3, and 3-5 are 
to be copied by measuring with a scale, multiplying by two, and then laying 
out from the doubled measurements. Sheets 3-2 and 3-4 are to be laid out 
to a scale of one inch to 80 feet. If you do not have this scale, the distances 
can be determined by the fact that every sixteenth of an inch represents 
five feet. 

Be sure that cutting lines, border lines, and title are complete. 

Sheet 3-1 (Fig. 3^) 

Rivets are sometimes used to fasten pieces of metal together perma¬ 
nently. A short piece of a round rod is heated and the ends mashed up to 
the shape shown. Usually both ends are like the one at the left; however, 
this rivet has the right end countersunk, that is, it is shaped so that it will 
leave a flat surface while still holding the plate. 

A cotter pin is likewise used to fasten two pieces of metal together. It 
is passed through a hole in each, and then a piece of bent wire called a cotter 
is put through the hole as shown to prevent the plates from falling off. 
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The reinforcing rod is used to strengthen a concrete beam. The drawing 
is called a line diagram, as the rod is shown by only one line, whereas there 
really should be two. 

Note in each case that a single view in connection with the lettering is 
sufficient to explain fully just what the object is. In practice give enough 
views to make it entirely clear just what is meant but never any more; 
needless views are a waste of money. 




COTTER PIN 
Scale //"=/'-(?" 



SHAFT Scale l^"--l'-0" 


REINFORCING BAR 
Scale i”-l'-0'' 

Fio. dg. 

All objects on your drawing are to be just twice as large as the cut. 
Hence the scales as shown in Fig. 3g will be doubled on your drawing: 

Scale Half Size for RIVET will become Full Size on your drawing. 

= I'-O" for COTTER PIN and SHAFT will become 3" = I'-O" on your 

drawing. 

1^" s I'-O" for REINFORCING ROD will become = 1-0" on your drawing. 

Sheet 3-2 

A surveyor’s notes contain the following data for the field ABCD: 

AB 8= 426.0 feet ANGLE ABC = 93®-30' to the right as you look from A to B 
BC — 454.5 BCD « 72®-42' to the right as you look from B to C 

CD « 601.2 
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Lay out the best qiiarter-mile running track that you can in this area, 
making it so that the curves are as easy as is practicable. Make the track 
12 feet wide with the quarter mile measured 18" from the inside of the track. 

Sheet 3-3 (Fig. 3h) 

A gasket is a thin piece of compressible material used like a washer to 
prevent leakage at a joint. The inlet valve shown is similar to that of an 
automobile. 




Fig. 3^. 


The first is known to be flat, the second is made round except for the 
rectangular hole; hence one view for each in connection with what is known 
is enough. 
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Figure dh is half size; hence when you have doubled each distance in 
laying out your drawing, the scale should be full size; this fact should be 
indicated upon your drawing. 

Sheet 3-4 

A surveyor’s notes contain the following data regarding 8 sides of a 
9-sidcd tract of land: 

AB Due West 225.6 feet 

BC N 36°-3.5' W 243.5 

CD N 30'’-23' E ',85.4 

DE S 62'’-15' W 165.4 

EF N 41°. 40' E 3j.8 C 

FG N 42'-15' E 121 5 

GII S ‘24'’-5i' K 384,6 

IJI S 15°-:.V W 300.0 

Plot at a scale of 80 feet to the inch, making the long edge of your sheet 
north and south and starting A 3^" from the bottom border line and 1}^" 
from the right-hand border line. Very accurate plotting is neceasary to get 
a satisfactory result. For your answer determine the distance IA and the 
angles 111 A and lAB. 
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Sheet 3-5 (Fig. 3t) 

This drawing shows some machinists’ instruments for measuring. Copy 
this drawing in pencil upon detail paper, making each distance exactly twice 




CENT£fi 

Gage 


OOOOOOOo\ 

OOOOOOOOO 

OOOOOoooo... 


Drill Gage 


Fia. 

the size of the cut in this book. The scale in the figure is half size; hence 
the scale on your drawing will bo full size. 

This is the end of Lesson 3. A thorough knowledge of this subdivision 
is essential for what follows. 





LESSON 4 


OBJECTS DESCRIBED BY VIEWS IN COMBINATIONS 

The uses of a drawing; have been menti ned in the preceding lessoli; 
again we will emphasize that their purpose is to make entirely clear every 
detail of the object that is described. We also explained objects in which 
one view was sufficient to make them clear ;o a second person. For many 
cases, other views are needed. Where more than one view is required, there 
are two fundamental requirements: 

In the first place, as in the preceding lesson, the views are taken ^^square 
on”; in other words, we look squarely at each face that is represented. This 
is important because by looking squarely at the face we get the measure¬ 
ments in their true sizes (or in their proportionate sizes). The square-on 
view is very easy for the draftsman to construct; it is also simple and easily 
followed by the workmen in the shop. For these reasons, the views should 
be drawn in this manner unless there are excellent reasons why this should 
not be done. 

Secondly, the directions of the views are usually at right angles to one 
another. As the main faces of most industrial objects are at right angles to 
one another, this is a very natural arrangement. 

The views commonly used in practice are as follows: 

The Top View or Plan looks directly down at the top of the object. 

The Front View or Front Elevation looks horizontally at the front of the 
object. 

The Right Side View looks at right angles to the two preceding directions 
and at the right side of the object. 

Similarly, the Left Side View looks directly at the left side of the object 
and at right angles to the direction of the top and front views. 

The Bottom View looks upward directly opposite to the Top View and 
at the base of the object. It is best to avoid this view as it is harder to 
understand than the others. 

The Rear View looks directly at the rear face of the object and in an 
opposite direction from the Front View. It is also hard to understand and 
it is better if it is not used except in drawings of buildings where it is a 
necessity in many ways. 

We have thus defined six views and there are still others that might be 
employed. The question confronting the beginner is, ^ Which views should 
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be used?"' The answer is: “Use as few as you can and those which will 
describe the object most clearly without any possibility of misunderstand¬ 
ing/^ The best combination is usually the Front View and the Top View; 
often, however, more views are needed. 

Figure 4a shows a drawing of a brick with one edge clipped off and two 
holes extending through it. We have shown the four most common views: 



LOCATE THE VIEWS IN THIS POSITION WITH RESPECT TO BACH OTHER 


TOP 

I 

LEFT SIOE^ - - F RON T - - BRIGHT SIDE 

Ficj. 4a. 

the top view directly above, the front view in front, and the two end views 
at the side of the front view. 

Some prefer to consider the drawings as projections rather than views. 
Thus, in Fig. 46 the same object with holes omitted is represented as 
projections upon planes made paralk'l to the main faces of the object. 
From each salient point of the* object, a perpendicular is let fall upon the 
plane and this h(4ps to di aw tlio appanmt outline of the object. Workmen 
prefer views but some students like tlu' projc^ction method to determine 
the lines and relative location of the drawing; however, th(' resultant 
drawings arc the same whether the view method or the projection method 
is employed to work them out. 

Objects like a house, an automobile, or an airplane, each have a front; 
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for these, the front view means only one possible drawing. However, some¬ 
times an object docs not have a front or a top. In this case, the draftsman 
chooses his own front and works with that as a basis. 


A 



METHOD BY WHICH THREE VIEWS OF AN OBJECT ARE OBTAINED 


Fkj. 46. 

POSITIONS 

As shown in Figs. 4a and 46, the top view is always placed above the 
front view, the right side view to tlu' right of the front view, and the left 
side view to the left of the front view. Should it be necessary to employ a 
bottom view, it is placed directly under the front view; and should it be 
advisable to use a rear view, it might b(‘ placed to the right of the right 
side view or to the left of the left side view. 

The top view has the front toward the bottom of the sheet. The right 
side view has the front to the left, and the left side view has the front to the 
right. This arrangement can best be rememben'd if one compares it with 
the unfolding of the exterior surface of a box. Remember wherever your 
drawings or sketches go, others will assume that this rule is followed. 
Similarly you must assume this rule in interpreting any drawing. Costly 
mistakes are likely if drawings arc not placed as we have indicated. 
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OPPOSITION 

As shown in Figs. 4a, 46, and 4c, the top view is placed directly above 
the front view. Any given point in those two views will then be in a single 
vertical line. Likewise, each given point in a side view is directly opposite 
the corresponding point in the front view. This is easy for the draftsman to 



make and easy for the workman to understand. For these reasons, the rules 
should be followed if it is at all possible. If the bottom view is given, it 
also should be opposite and below the front view; and if the rear view is 
given, it should be opposite and on a level with one of the side views. Let us 
call this very important statement the “Law of Opposition. 

It is usually considered unnecessary to put the name of the view below it. 
Properly placed, the location of the drawing shows what it is. 
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VISIBaiTY 


When there is a line on the object which cannot be seen, it is shown 
dotted in the view in which that line is invisible. The weight of the dotted 
line should be less than that of the corresponding object lines, say, a third 
less. Dashes should be about inch 
long with about 3^2 li^ch between them. 

Lay out on the margin of your sheet an 
ideal dotted line and then copy it as 
near as you can estimate without mak¬ 
ing direct measurements. As shown in 
Fig. 4d!, when two dotted lines intersect, 
make their dashes cross. When a full 
line becomes invisible, start the dotted 
line with a space. When a line is invisi¬ 
ble for its entire length, start the line 
with a dash. 


Note arrangement here 


Note corner 
here 



^Note arrangement 
here 


VISUALIZATION 


From a combination of two or more 

views, one may form in the mind the -- 

image of any part of the structure which 
is represented. This is called ‘^visuali¬ 
zations^ and we say that we “visualizes’ 
the object. This means that a man who 

can visualize the object can make it if ^ j j i- 

he has the necessary mechanical ability. 

Or, if he has an object in mind, he can draw the views which will make it 
clear to someone else. 

One must not expect to visualize instantaneously; it takes time, experi¬ 
ence, and practice to do the work well. Look first at the front view; then 
glance at the side view or perhaps at the top view and get an idea of the 
depth of each part that is shown in the front view. Gradually, there will 
appear in your mind an image of the actual object. 


REQUIRED WORK: LESSON 4 

Answer eight questions, make two sketches, do the lettering, and draw one sheet. 

4-1. In your opinion, what two views are most frequently used in drawings? 
4-2. Explain how an invisible line is represented. 

4-3. What is meant by opposition? 

4-4. Why is visualization important? 
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Sheet 4-1 

4-5. How many foundation bolts are there in this footing? 

4-6. What is the size of the base? 

4-7. How many cubic yards will there be in 20 of these? 

Note: A cubic yard contains 27 cubic feet. 

Sheet 4-2 (Fig. 4flr) 

4-8. What is the diameter of the set screw? 

4-9. State th(* greatest depth of the Woodruff key. 

4-10. What arc the dimensions of the smaller end of the gib head key? 

Sheet 4-3 (Fia. 4/?) 

4-11. What is the height of the monument? 

4-12. What is the diameter of the hole provided for the shaft in the bearing? 

4-13. How many bolts arc used to hold the bearing down? 

Sheet 4-4, Sheet 4-5 (Fig. 4i) 

4-14. What is the length of the rectangular hole in the post? 

4-15. Determine the gn^atest dejith of the ling (in the lower right-hand corneT). 
4-16. Find the extreme length of the wedge (in the upper left-hand corner). 

Sketch the following objects: 

4-17. The clamp washer in Sheet 4-4 and Sheet 4-5 (in the middle right-hand por¬ 
tion of Fig. 40. 

4-18. Sketch a footing similar to that on Sheet 4-1 and on similar soil with a load 
only half as great. Use art‘as half as great and depths three-quarters of ihose formerly 
employed. 

4-19. A front and a side view of your automobile or that of some friend. 

4-20. Front and right side view of the house in which you live. 


LETTERING, Fig. 4e 

Letter like Fig. Ac in the text the numbers 0, 1,2, 3, 4, 5, 6, 7, 8, and 9, 
both vertical and inclined. Make them first high, then high, and 
finally high. 
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dimensKm until you roach the next lesson. " ^ attempt to give 

indicated in Fig. 4/ Lay wt^fireuEc't^V 

B j W out tot the rectangle which indicates the availa- 
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ble space and mark upon it the dimensions. Then put the various views on 
the drawing about as you think they should be, and mark upon them the 
extreme dimensions in both directions. These measurements in Fig. 4/ are 
enclosed in circles. 

Next add the vertical distances on the views to find the total vertical 
space required; this sum subtracted from the vertical height available 
gives us the total amount for spaces between views. The total of the 
horizontal spaces between views may be obtained similarly. Then divide 
up the vacant space, both vertically and horizontally, into somewhat un¬ 
equal parts and make those the spacing between the different views; It is 
desirable to make the distance between the view and the border line about 
but not less than ;!4"; the distance between two views 1" but not less 
than the distance between different objects but not less than 
If you use less than these minimum values, the sheet will appear to be 
crowded. 

Sheet 4-1 

The heavy load carried by a column is spread over the comparatively 
weak soil by a block of masonry called a footing. It may be gradually 
sloped but it is more often made as a series of gradually enlarging steps 
down to the final foundation. 

The bottom part of a footing is 8' square and 18" high. The inter¬ 
mediate part is 5' square and 12" high. The upper part is 3' square and 
10" high. Upon this rests a cast-iron base 18" squares with 4 bolts 12" 
on centers in either direction, all symmetrical about the center line of the 
whole block. The bolts are 1in diameter, 20" long, and project 3". 

Draw front and top views of this footing at a scale of = I'-O". 

Sheet 4-2 (Fig. 4g) 

A key is a piece of metal inserted in a slot which is partly in a wheel or 
similar device and also partly in the shaft. When the key is driven into 
this opening it holds the shaft and the wheel rigidly in position. A set 
screw is turned through a tapped hole in the hub of a wheel and presses upon 
the shaft. It acts like a key but is not considered as strong and dependable. 

A set screw, a Woodniff key, and a gib head key are shown in pictorial 
drawings on Fig. 4(7 at a scale of 6" = I'-O" or half size. Show at full size 
a left side view looking at the head and a front view of the set screw; a top 
view and a front view of the Woodruff key, and a top view and a front view 
of the gib head key. 
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Sheet 4-3 (Fig. 4/i) 

A bearing is an arrangement which carries the load from a shaft to a 
beam or other support on which the shaft indirectly rests. 

In Fig. 4/i are shown the pictorial drawings of a monument and of a 
bearing with dimensions. Please draw the front and top views of the 




Fio. 4th ,—A monument and a bearing. 


monument at a scale of = I'-O", and the front and the side view of the 
bearing at a scale of 3" = I'-O". 

Sheet 4-4 (Fig. Ai) 

A lathe is a machine in which an axis is revolved rapidly. An object in 
this axis is turned to make a true cylinder by means of a tool held in the 
lathe. A tool post is the instrument for holding the tool. 

In Fig. Ai are shown the essential parts of a tool post. Draw full size 
the post shown in the lower left-hand corner of the cut, the clamp washer 
shown in the middle right-hand side, and the ring shown in the lower 
right-hand corner. In each case, use the top and the front views. 
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Sheet 4-5 (Fig. 4t) 

On this sheet show full size the front and the top views of the wedge in 
the upper left-hand corner of Fig. 4i, the front and the top views of the set 



screw shown in the right-hand upper corner of Fig. 4t; also draw a single" 
elevation of the completed tool post with all parts put together. 

This is the end of Lesson 4. Can you see clearly the meaning of the 
pictures and can you visualize the objects which they represent? 

This would be an (excellent place for a review with a two- or three-hour 
period allowed for a quiz. 





LESSON 5 


DIMENSIONING 

Drawings have three main purposes: 

In the first place, they are used by workmen to make the object repre¬ 
sented. This is the principal and most important ase. 

Secondly, they enable the purchaser and other interested persons to find 
out various facts in connection with the object. 

In the third place, they are employed by other draftsmen to take off 
quantities, estimate the cost, and perhaps to design objects that connect 
with the one originally drawn. 

Measurements necessary to carry out these purposes arc called “dimen¬ 
sions,” and the proce.ss of putting them on the drawing is calk'd “dim('n.sion- 
ing.” The draftsman should be extremely careful to put upon the drawing 

- e'-af -H 


Fig. 5a .—A dimonsion. 

every measurement that is needed; on the other hand, no distance should 
be given that does not fill some particular need. 

Measurements are usually marked, not upon the line itself, but upon a 
line parallel to it, directly opposite to it and of exactly the same length. This 
line is called the dimension line. It is a very thin line broken at the middle 
for the insertion of the dimension. It is terminated by two arrowheads, 
each long and slender with a breadth not more than one-third of the length. 
The point of the arrowhead should be exactly opposite the end of the 
measurement. See Fig. 5a. 

The extension line is likewise a very thin line extending from the point of 
the arrowhead to the point to which the measurement is taken. It should 
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stop short about Ke of an inch from the object, just enough to make a break 
in the extension line. IVlost draftsmen prefer to extend it slightly beyond 
the point of the arrowhead but it should never go more than ^ of an inch; 
about of an inch beyond looks best. This extension beyond the arrow¬ 
head should be kept uniform in any given drawing. A typical dimension 
with its dimension line, its arrowheads, and its extension lines, is shown in 
Fig. 5a. 

The best place for the dimensions is betw(*en the two views to which the 
dimensions refer. Thus, the dimmsions to ^he right or the left as one looks 
at the front of the object are best placed )etween the top and the front 



views. The amount of the height is best given between the front and the 
right side views, or at the right of the front view if no right side view is 
given. The depths, front to back, are best placed directly over one of the 
side views, although some draftsmen prefer to us(' the right side of the top 
view. These are the preferred locations but any of these positions may be 
changed to accommodate the one most important rule, ^Tut the dimension 
where its meaning will be seen most clearly.^' 

Figure 5b shows the preferred locations for measurements. 

A few measurements like the diameters of pipes and shafts and the 
dimensions of the cross-sections of timber and structural shapes are always 
given in inches, no matter how large the dimension is. Outside of these 
quantities, the mechanical practice is to give everything up to 6 feet in 
inches; beyond that, in feet and inches. In architectural and structural 
work, everything above 12 inches, except pipes, shapes, etc., is given in feet 
and inches. Please follow the mechanical practice for mechanical objects 
in this text. Fractions of inches are usually expressed to the nearest thirty- 


60 


INDUSTRIAL DRAWING 


seconds of an inch. A fraction should always be reduced to its lowest 
terms; thus, always never % or In mechanical work where great 

precision is required, measurements are often made decimally, perhaps to 
one-one-thousandth of an inch. 

In architectural and structural work, it is customary not to break the 
dimension line but to run it straight through and to write the dimensions 
directly over it. For an illustration of this method, see your lettering prac¬ 
tice for this lesson. 

Special Cautions 

1. A mechanic in turning a shaft or in drilling a hole uses its diameter. 
Hence, for his convenience, the full diameter of a complete circle must be 
given. 

2. A mechanic in laying out a portion of a circle uses the radius; hence, 
give the radius of parts of a circle. 

3. In making the various views of an object, a given measurement 
should appear but once unless there is some special reason for rc'pc^ating it. 
Dimension once, dimension fully, and give no more. 

4. Base the measurements upon important points that are determinate, 
like the center of a hole or some finished surfaces 

5. Do not use th(i center line of a drawing or an objc'ct line of a drawing 
as a dimension line. 

6. Give the full length of a piece in each direction. As an apparent 
exception to this in an object with cylindrical ends, give the distance be¬ 
tween the cent('rs of the curves. 

7. All horizontal dimensions should be made to read from th(‘ bottom of 
the sheet. In case a measun'ment is inclined, jdace it so that it is most 
easily read from the bottom of the sheet. 

8. In case a dimension line is vertical, the dimension itself should be 
written to read from the right-hand edge of the sh(H»t. 

9. Where the measurement of an angle is to be given, it should first 
be shown by a circular dimension line. The value may be inserted 
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horizontally in a gap in the circular line, radially in a gap in th(' circular 
line, or may be written just above the circular line, all as shown in Fig. 5c. 
The first named is considered best. 



DIMENSIONING 


61 


10. When a line is subdivided into several parts, in addition to the 
length of each part, one should show the total of the whole length. As al¬ 
ready mentioned, if the ends are rounded, it is best if the total dimension is 
given between the centers of the circles near the end rather than to the ends 
themselves. 

11. In ordinary machine shop work, the tolerance is understood. That 
means that a certain measurement may vary a limited amount, say of 
an inch. Where closer fits are required, the mechanic often arranges to do 
the work himself, making his own allowances. In mass production, however. 



where each piece is doiK' separately, it becomes necessary for the tolerances 
to be made and determined on the drawing tor each individual who makes a 
piece. For that reason, it is customary to put on the allowable variation 
either as a plus or minus distance or as two distances between which the 
dimensions of the piece must lie. Usually in careful work of this kind, 
the dimensions are in thousandths or possibly ten-thousandths of an inch. 
See Fig. bl for an illustration of this method of dimensioning. 

Figure bd shows an ordinary object with its dimensions properly placed. 

VELLUM OR TRACING PAPER 

We have already mentioned the necessity of making many copies of a 
drawing and have indicated that drawings are placed upon tracing cloth for 
this reason. Now vellum may also be employed as a substitute; it is much 
cheaper both in the cost of the paper and in the time necessary to make 
a drawing, but it is not so permanent. 
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Vellum is a thin transparent paper through whicn the drawings under¬ 
neath may be readily seen. Also the rays of light pass through it, making a 
blue print possible. However, it is much weaker than tracing cloth and is 
very easily torn; the edges of a drawing that is used for several days are 
quite likely to be badly frayed. Folding or crinkling hurts the paper and is 
very likely to show on the blue print. It is entirely ruined if any water gets 
on it; even the perspiration of the hand will spoil the appearance of the 
blue print of the drawing. 

Work upon vellum is usually done in pencil. In order that a good blue 
print shall be made from the drawing, it is necessary that the lines be black 
and opaque, and that they shall not allow the light to pass through them. 
For the object lines, use a 2H pencil, taking special pains to make every line 
black, clear, and distinct. On the other hand, the dimension lines, the 
center lines, the extension lines, and the cross-section lines where it is 
desired to make them faint, should be drawn with a 4H pencil and not made 
too heavy. Care must be taken, especially with the harder pencil, not to 
press so hard as to tear the paper. In working on an ordinary board, it is 
necessary to have undern(',ath something like a piece of detail paper so that 
the pencil will not punch through the paper occasionally when there is a 
tack hole underneath. 

Drawings are made directly upon the vellum; they are copied from 
sheets underneath only when it is necessary to change or revise an old view. 


TAKING DIMENSIONS FROM A DRAWING 

In practice one will find all sorts of arrangements, from carefully made 
scale drawings without dimensions to sketches without a pretense to scale 
but with dimensions. The most common arrangement is to keep it approxi¬ 
mately to scale but to dimension it and to depend upon the dimensions 
altogether. 

What, then, is the student to do when handed a drawing? There are 
two very important rules: 

Do not scale a drawing when dimensions are available. 

Follow the practice of the company making the drawing, usually your 
own company. Sometimes the methods followed by outside companies 
are already known or are indicated by correspondence. An experienced 
man can tell a great deal from the drawing. 

BREAKS 

To be valuable a drawing without dimensions must be to scale. How¬ 
ever, with dimensions it is not so important and scale is often disregarded. 
The best practice is to make the drawing to scale; if at any place it is not 
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to scale, the fact is shown by breaks. These usually indicate that a portion 
of the piece is not shown. As will be quite evident, this must be a part for 
which there is no unusual construction. 

Typical breaks are shown in Fig. 5c. 


Timber Solid Round Hollow Round Ordinary 

Fig, 5c. —'>reaks. 

REQUIRED WORK: LESSON 5 

Answer eight questions, make two sketches, do the lettering, and draw one sheet. 
5-1. What three classes of persons use dimensions? 

5-2. When should the radius be given an i when should the diameter be stated? 
5-3. Describe the dimension line. 

5-4. How does practice in dimensioning structural objects differ from that for 
mechanical objects? 

Sheet 5-1 (Fig. 5j) 

5-5. What is the tread of the stairs shown in the figure? 

Note: The tread is the portion on which the foot stands. The length of the tread 
is 3'-4" but it is the other dimension that is required. The dimensions here are given 
according to the architectural practice. 

5-6. What is the rise of the stairs? 

Note: The rise is the vertical height between two treads. 

Sheet 5-2 (Fig. 5k) 

5-7. What is the extreme height of this jig? (This is the longest dimension.) 

5-8. State the diameter and the length of the upper circular horizontal hole. 

5-9. Determine the diameter and the length of the lower horizontal hole. 

Sheet 5-3 (Fig. 51) 

5-10. What is the extreme length of the tappet valve? 

5-11. Determine the largest diameter of the valve. 

Note: One of the dimensions is the largest permissible amount for the largest diam¬ 
eter, and the other is the smallest permissible amount. Please give both. 

5-12. What inside diameter of the valve has the greatest length? 

Note: Give the value and the allowable variation. 

Sheet 5-4 (Fig. 5m) 

5-13. State the extreme length of the dog. 

Note: This is the upper figure on the sheet. 

5-14. State the size of the hole for the pin in the clevis nut. 

Note: This is the lower object in Fig. 6m. 
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Sheet 5-5 (Fig. 5n) 

5-1S. State the three extreme dimensions of the rest for the jack. 

Note: This is the upper figure in the sheet. 

5-16. What is the size of the cross section of the recess for the handle in the lever in 
the lower part of the sheet? 


SKETCHES 

5-17. A shaft is 2" in diameter for 6", then 3" in diameter for 14", and finally 1 
in diameter for 8", Sketch with dimensions according to the mechanical system. 

5-18. Sketch the shaft just mentioned and dimension it but use th(j structural system 
of dimensioning. 

5-lQ. A block is 3" long, 1 kigh, and 21^" deep; a plane cuts 1" from its length, 
from its height, and 13 ^" from its d(»i)th, all on the front upp(T right-hand corner. 
Sketch and dimension the figure. 

5-20. Sketch and dimension the footing of Sheet 4-1. 


LETTERING 

Copy as closely as you can the work in Figs. 5/, hg, 5/i, and 5z. Note 
especially that Figs, bg and bi are dimensioned according to the struc- 



Fig. 5/.—Typical dimensioning—vertical letters—mechanical method 


tural and architectural engineers' standard. Use this only on structural, 
architectural, and related objects. In Figs. 5/ and bh there is a character 
which looks like a c written across an L. This is an abbreviation for center 

I0{^" 4011-® 8" =2-8" l'-4|” 


Fig. 6g. —Typical dimensioning—vertical letters—structural method. 
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line. Just above it are marks which look like a v turned upside down. 
These indicate that the surface at the points of the v are to be smoothed off 



Fia. —Typical dimonsionnig-—mflined lettois- mc'chaiiical method. 


by a planer or similar machine. Directly above' this, also in Figs, bg and 
5i, is the exprc'ssion ‘‘4 alt 8" = 82".'' This means that we have 4 
spaces which are staggered or shifted from one' line to another, each of them 
8" long, making a total of 32". 

l-2i" lOrr" 

r—m I 1 

Flu. St.—Typical dimcnaiorung— inclined lettci a - structural method. 


SHEETS 

In drawing up a sheet, first be very careful to get the various views 
properly spaced so that there is room ('nough betwec'n them for the dimen¬ 
sion lines. A drawing looks best when the dimeutsion lines arc spaced about 
apart; however, they should never be placed nearer the object nor 
nearer a border line nor nearer one another than If there are several 

dimension lines between two views, try to space them uniformly, not 
measuring them but making them the same by eye. The overall dimen¬ 
sions come farthest from the view so that the dimension line that represents 
the overall length will not have to cross the extension lines representing the 
divisions of the object. At intervals, compare your drawing with those 
given in the text and perhaps other places; differ from them only when 
there is adequate reason for doing so. As you place dimensions upon the 
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drawings, try to think of the work that the man must do to measure those 
dimensions and see that they are given in a way that is most convenient 
for him. 

All sheets in this lesson are to be dimensioned and drawn with pencil 
upon vellum. Most future drawings, either in this course or in practice 
will likewise be dimensioned. Be careful in both places to be thorough and 
complete but do not repeat. 

Sheet 5-1 (Fig. 5j) 

Draw front, top, and right side views of the concrete steps shown 
in Fig. 5j. Place upon the drawing in letters about in height, “Scale 

^ I'-O",” 
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Sheet 5-2 (Fig. 5k) 

This drawing represents a jig. This is a term used to cover any arrange¬ 
ment to guide a tool or to form a pattern for the workman to follow. 

Draw at a scale of 6" == top and front views of this jig, choosing 
the side 3J^" in extreme height by 12}/^" as the front. 



Fiq. 5fe.—A Jig. 
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Sheet 5-3 (Fig. 51) 

This is a drawing of a t 3 T)e of valve used in automobiles. 

Draw and dimension at double .size the valve shown in Fig. 5i. When 
any side view is the same, a .single view i.s enough to fully determine the 
object for one who is familiar with this kind of a valve. Be sure to state 
the tolerances and allowances as they are given on your pictorial drawing. 



Fig. 6/.—An automobile valve. 
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Sheet 5-4 (Fig. 5m) 

The upper figure in Fig. 5m is a dog. This is a piece of iron or steel that 
is clamped down to hold an object in position while it is being worked on 



by a macliine. The lower figure is a clevis nut which is used to connect 
the screw end of a rod to a pin. 

Draw both objects half size; in each case give a top and a front view. 
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Sheet 5-5 (Fig. 5n) 

The lower figure represents an end of a lever for an automobile jack. 
. The upper figure is a rest for the jack. 




Draw a top and a front view of each object. Make the scale full size. 
There is no need to give the scale on the drawing if it is dimensioned and is 
made full size. 

This is the end of Lesson 5. Be sure that you have given your dimen¬ 
sions neatly, correctly, and in a way that will help the workman. 



LESSON 6 


LETTERING AND DRAWING IN INK 

INDIA INK 

India ink is carbon held in suspension. It dries very rapidly when 
exposed to the air; hence if a bottle is left uncorked for very long, the ink 
will not run properly and it must be thrown away. 

Ordinary ink should not be mixed with India ink in any manner; neither 
should the two be used for any tool. Ordinary pens or right-line pens that 
are used for both are likely to be spoiled for either fluid thereafter. 

LETTERING IN INK 

As pens are manufactured, they may have a bit of oil upon them which 
will prevent their working properly. To remove this oil, the pen may be 
held just a second in the flame of a lighted match. Some draftsmen prefer 
to put the clean pen between the lips and then wipe it thoroughly with a 
rag. 

The ink should be spread upon the pen in a thin film, using the stopper 
of the bottle. If there is not enough ink, the pen soon runs dry; if there is 
too much, it is likely to move down onto the paper and make a blot. It is 
hard to get the right amount on the pen by dipping it into the bottle. Fur¬ 
thermore, the ink is likely to get on the pen holder and be transferred from 
the pen holder to the hand and from the hand to th(‘ drawing. 

The pen must be wiped frequently; otherwise, it becomes gummy 
through the deposit of dried ink. Good lettering is impossible unless the 
pen is kept clean. 

In ordinary lettering such as is taught in this course, lines are made at a 
single stroke. That is, they are made once and are not, in general, re¬ 
touched. Try to work steadily ahead and avoid going over the lettering a 
second time. This is especially i mportant if the stude nt is engaged \n com- 
wnr]f.jghf>rft hft is nxnectftd to tiim out, fl largft amniint of drawing. 

In lettering, the draftsman should brace himself Ughtly against the desk 
on which he is working. The lettering arm should be supported at the elbow 
and at the side of the hand, also at the little finger. The lettering is done 
with the pen held between the thumb and the first two fingers, the motion 
necessary being made entirely by these. As one progresses, the edge of 

71 
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the hand and the elbow arc slid along from point to point. Do not form 
the habit of turning the drawing, because this cannot bo done with the large 
sheets customary in practice. Learn to make the stroke in any direction 
from the position of the hand and arm as given. 

It is essential for the typo of lettering shown in this text that the width 
of the line bo kept the same in any given bit of work. Now the width of the 
line varies with: 

Width of the pen. 

Pressure upon the pen. 

Amount of ink on the pen. 

To keep the width of the line uniform: 

Use the same pen for any given bit of lettering. 

Keep pressure small and constant. 

Maintain only a film of ink on the pen. 

As a rough rule to which there are many exceptions : 

When th(' lettering is less than 3^" high, use a fine pen (Gillott). 

Between and use a stiff, fine point. 

When height is more than Jy", use a ball point. 

INKING WITH THE STRAIGHT-LINE PEN 

First move the nibs the right distance apart; insert the wiper between 
the nibs and turn the pen around twice. Then, as the wiper is withdrawn, 
it cleans all surfaces. Next, put about H" of ink in the pen, using the 
stopper of the bottle for this purpose. The outside of the pen should be 
wiped clean to remove any possible bits of ink. All specks of dirt and 
eraser crumbs should be dusted off the paper before the inking is started. 

The position for inking is similar to that for penciling, as is shown in 
Fig. 6a. The body is braced lightly against the d(‘sk. Th(' arm is rested 
upon the drawing board, and the edge of the hand and the little finger are slid 
lightly across the surface of the board to correspond with the movements of 
the pen. The pen itsedf is held between the thumb and the first two fingers. 
As the motion of these (mables one to control accuratidy the position 
of the pen, this is a very necessary arrangement. The screw should be 
turned away from the draftsman, while the pen itself must be kept perpen¬ 
dicular to the paper exce'pt that the lop is tilted slightly forward in the 
direction of the motion. The space between the nibs should be parallel to 
the edge of the ruler or T-sijuare. If the pen is not kept in the plane perpen¬ 
dicular to the paper, only one nib will make contact and an irregular line is 
likely to result. There is likely to be additional trouble if the pen tilts in 
toward the triangle or T-square as the ink may flow underneath, making a 
bad blot. 
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Fig. 6a —Positions in inking. 






















74 


INDUSTRIAL DRAWING 


If the ink does not flow readily, it may be made to do so by lightly 
pressing the nibs of the pen to the back of a finger. The moisture on the 
skin helps to soften up the ink which is partially dried at the point. In 
inking a pencil line, be careful to make the middle of the larger ink line cor¬ 
respond with the pencil line underneath the ink. 

Before drawing any lines on the finished sheet, it is well to try the 
thickness of the line on a piece of scratch paper. The beginner should test 
himself out very thoroughly before starting to use ink. A practice drawing 


Visible lines 


invisible lines 


Breaks 


Seel ion 



Dimension line 


Extension line 


C’enter Line 


Fig. Oh .— The alphabet of lines- 


or several practice drawings on paper similar to that used for the finished 
article will be a very good investment for the person who is making his first 
drawing in ink. 

It is customary for a draftsman to show certain lines in certain ways, 
the arrangement for this purpose being called the ^^alphabet of lines.” Such 
an alphabet is shown in Fig. 66. Please follow this carefully throughout the 
entire course. 

Heavy Lines 

When the nibs are wide apart, the least trifle will allow all the ink to 
come down at once, leaving a large blot on the drawing. Also, 6ne must be 
careful not to let the pen stay in one spot for even a second, as this is likely 
to cause an enlargement of the line. 

To avoid these unfortunate accidents, keep the pen moving steadily. 
This precaution becomes espcicially important when you run into fresh ink 
at another line. When the line that you are drawing ends at fresh ink, the 
pen should be brought up very promptly; the least delay is likely to cause 
trouble. 
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The following are the principal causes for blots in making heavy lines: 

1. Trying to make a line that is wider than is possible at a single setting of the pen. 

2. Too much ink in the pen. Be very careful with a heavy line when there is more 
than of an inch of ink between the nibs. 

3. Tipping the pen over so that the ink feeds directly under the triangle or T-square. 

4. Staying too long in one place, especially where there is another fairly fresh line. 

5. Moving the triangle or the T-square over fresh ink. When you have just finished 
a line be careful to move the triangle or T-square parallel to the line for an inch or two 
until it has cleared the line. 

Light Lines 

When inking thin linos, be sure that the pen is thoroughly clean, have 
everything ready, start at once, and keep drawing until the ink runs out. 
If the ink is slow in starting, just touch the nibs to the back of a finger. 

Sometimes the pen is dull and must Ik'. sharpened before good work can 
be done. Occasionally the ink h'ls dried to an extent where it does not flow 
properly. However, the us\nil cause in cases of this sort is an excessive 
pressure of the pen against the straight edge, thus closing the nibs. Once 
this has been done, clean out th(' pen and start again. 

Blots seldom occur with light lines because they dry almost as fast as 
they are put down. A bc'ginner is likely to use lines that are too heavy, or 
if he tries to make light lines there is difficulty in getting the pen to work 
at all. 

Circles 

The process of inking circles in many ways resembles that of making 
circles in pencil; there is also some resemblance to the use of the right-line 
pen in inking. 

First, adjust needle point until the end of the pen is halfway in length 
between the shoulder and its points. Then set the nibs so that the pen will 
make a line of the required thickness; next set the compass to the required 
radius; at the same time, the handle, the point, and the pen should be 
perpendicular to the line connecting the point and the end of the pen. In 
making the circle, turn the compass clockwise, inclining it forward. In 
general, the difficulti(\s in making heavy lines and also light lines with a 
right-line pen are encountered in compass work. However, there is less 
trouble because of the fact that the setting of the compass eliminates some 
of the difficulty. Be sure to wipe the pen both before and after filling. 

Irregular Natural Curves 

These should be drawn free hand with a ruling pen. 
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Irbeoular Artificial Curves 

Usually the curves in objects are made and are intended to be made 
with gradual changes. Whatever they are, the drawings should reproduce 
conditions faithfully. First, draw the curve as it is or as it is intended to 



Fia. 6c.—An ellipse, poorly 
drawn. 



Fig. Grf.—An ellipse, 
properly diawn. 


be, in pencil. Sometimes, points are located to represent the curve; in 
such cases, try to draw a smooth curve Ihrough these various points. Then 
lay over the pencil line an irregular curve, matching the curve as far as 
possible, being sure that the mechanical curvi' is tangimt where it should 
be. Do not ink quite so far as the instrument fits, but stof) about 
short at either end; be sure that the irregular curve matches what is already 
drawn as well. In Fig. 6c, we hav(' shown a poorly drawn ellipse and in 



Fig. 6c. —Construction of the ellipse. 


Fig. 6d, one which is as it should be. You will not need to read the titles 
to know which is which. 

To make an ellipse, given the two axes: 

Select a piece of paper with a straight edge and mark upon it the two 
given semi-axes a and h as shown at the left in Fig. 6c. Next place it on the 
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axes as shown at the right so that m is on the longer while n is on the 
shorter; then k will be a point on the curve as seen at the right. In this 
way locate some six or eight points on each quarter of the ellipse. 

To make a parabola, given the chord I and the maximum ordinate h: 



Divide each half into a number n of equal lengths, say, 5, that is, n in this 

/IV 1 . 

case is 5. Then, as in Fig. 6/, the ordinate ata = l'-lft = —Am our exam- 

\n/ 25 

/2V 4 /3V /4V 

pie. The next ordinate at /> = I - 1 A = — A; at c, ( - ) A; at d, I - 1 A: 

\n/ 25 \n/ \n/ 

5Y 


and at the end e, J h = h. Lay out the same values on the other side 

and connect by a smooth curve. 

Inking should be done in this order: 


Full circles 
Dotted circles 
Full irregular curves 
Full object lines 
Dotted irregular curves 
Dotted object lines 
Center lines 

Dimension and extension lines 
Cross hatching 


Erasures 

When any line, lettering, or anything else in ink is to be removed, blot it 
as soon as possible unless it is already dried. (Never use a blotter on a line 
that is to be left in. A blotted line presents a poor appearance and prints 
very faintly or not at all.) Then let the line dry about five minutes. 
Finally, put a hole in the eraser shield over the ink to be erased and go at 
it with a hard pencil eraser. Knives and razor blades tear the surface of 
the paper and make it impossible to do good work when a line is. to be 
drawn over the torn surface. 
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REQUIRED WORK; LESSON 6 

Answer eight questions, make two sketches, do the lettering, and draw one sheet. 

6-1. What determines the thickness of the lines made when using an ordinary pen? 
6-2. Explain how erasures should be made. 

6-3. State the usual difficulties when one is drawing light lines. 

6-4. Outline the procedure for drawing an irregular artificial curved line. 

Sheet 6-1 (Fig. 6^) 

6-5. What is the maximum length of this block? 

6-6. Determine its overall height. 

6-7. What is the inner angle for either V? 

Sheet 6-3 (Fig. Qh) 

6-8. What is the vertical distance between the center lines of the two holes? 

6-9. State the length of the drill hole. 

6-10. Determine the length of the tapped hole. 

Sheet 6-4 (Fig. Qi) 

6-11. What is the length of the tapped holes? 

6-12. What is the largest width of the tool that may be held in this tool holder? 
6-13. Compute the area of the base of the tool holder. 


Sheet 6-5 (Fig. 6j) 

State the numbers at which the following fittings should be employed; 

6-14. Tee. 

6-15. Y. 

6-16. Quarter turn. 

Sketches 

Consider questions 6-17, 6-18, 6-19, and 6-20 to be the sk(‘ti‘hing of one of the sheets 
of Lesson 6, in no event using as a sk(itch the drawing'which you actually make. 


LETTERING 

Copy the figures 5/, 5^, 5hj and 5/, this time in ink. Make the object 
lines heavy as shov^n in the alphabet of lines, and the extension and dimen¬ 
sion lines very thin. The numbers must be done freehand. If you have 
not done much lettering, it might be best to make them first in pencil. 
However, as you acquire more experience you should gradually accustom 
yourself to getting along without this aid. Th(» skilled draftsman finds that 
penciling is an annoyance rather than a help, as it prevents him from 
seeing clearly the shape of the letter he is making in ink. 
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SHEETS 

All drawings required in this lesson should be made in pencil upon vel¬ 
lum and should be completely dimensioned. If at all possible, the pencil 
drawing that you made in the preceding lesson should have been blue 
printed. If the lines representing objects in the print are faint and the 
numbers arc hard to read, you must realize that you are not making the 
corresponding marks as black as they should be. Possibly the dimension 
lines appear as heavy as the object lines or, as we say, the drawing lacks 
contrast. In a print, the dimension and ♦ xtcnsion lines should appear 
merely as faint, barely traceable lines. 

When you have finished your drawing, compare it and the dimensions 
that you have placed upon it with some well-made drawings and see how it 
appears. 

Sheet 6-1 (Fig. &g) 

A V block is an arrangement for holding in position objects like shafts 
while they are being worked upon. 



Fig. 6g.—A V block. 
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Draw and dimension this block, giving front, top, and left side views. 
Use the face 4" long and 2)^" in extreme height as the front and make the 
drawing full size. 

Sheet 6-2 

This work involves the drawing of various views of an object from a 
written description. This type of problem brings out the ability to put 
oral explanations into the form of drawings that is very important in prac¬ 
tice. It is required to draw the top view, the front view, and the right side 
view of a shoe, and to dimension it completely. The scale is 1}/^" = I'-O". 

At the end of a heavy structure, such as a bridge, is often placed a pin— 
a cylindrical piece of 'metal. The load on this pin is spread over a rectan¬ 
gular support by means of heavy plates bearing transversely upon the pin; 
these plates rest upon and are joined to the horizontal base, wliich is in turn 
supported by masonry. The structure between pin and masonry is called 
a “shoe.'' 

A hinged shoe has a base 24" long north and south, 21" long east and 
west, and is 1" thick. There are four holes in it, one at each corner 
located 2" from each adjacent edge. 

There are two main webs (upright plates) 1" thick extending north and 
south, each 5" in the clear from the center. Each is 24" wide at the top 
of the 1" base and each contains a 5" diameter hole, central, and 10" above 
the top of the base. The webs are roughly triangular in outline and rounded 
off at the top by radii of 6", with the centers at the centers of the 5" holes. 

There are three webs running east and west. All are 1" thick and 7" 
high between the two main webs. Outside of the main webs, the cross webs 
are wedge shaped, decreasing from 7" high at the main web to nothing at 
the edge of the plate. One of these cross webs is located in the center of the 
base running from north to south. The spacing in the ck'ar between the 
cross webs is 6"; this brings the outside cross webs 4J4" in the clear from 
the two edges of the plate that run east and west. 

Sheet 6-3 (Fig. Qh) 

This is a cross link such as might be used to connect two axes at right 
angles to one another. Please draw front, top, and right side views, making 
the 2J^" circle the front of the object. Drawing is to be made full size. 

Sheet 6-4 (Fig. 6i) 

This is a tool holder whose use is so plain that it needs no explanation. 
Consider the face which is 43^" X 2}4" in extreme height to be the front, 
and draw full size the front, the right side, and the top view. Give all 
necessary dimensions. It will be found advisable to make the 9}^" space 
within border lines horizontal, leaving the title box at the left. 
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Sheet 6-5 (Fig. 6j) 

This is a diagrammatic arrangement of a series of pipes. As will be 
noted, the center line of each pipe is shown only by lines and there are no 
dimensions upon the figure. Copy this as nearly as you can but enlarge to 
fill your sheet; show the plan or top view, the front view, and the side view. 
It will be found best if you arrange the length of your sheet horizontally 
with the title space at the left. Copy the numbers, making them the same 



Fig. 6j. —Arrangoment of pipes. 


as those in the drawing. There is no scale in a diagrammatic drawing and 
hence no scale should be placed upon it. Letter below ('ach number, and 
as neatly as possible opposite it, the name of fixturti that you would use 
at the particular location shown. This is a visualization test to determine 
if you can really see just how these pipes connect. The fixtures used are as 
follows: 

A cap is put on the end of the jiipe to stop the flow. 

A valve is placed on the pipe to permit the flow to bo started, stopped, or regulated. 

In a tee, the pipe runs straight through but has another pipe running out at right 
angles to it. 

A Y connection is like a T except the branch is at 45°. 

A quarter turn is a 90° bend in the pipe. 

An eighth turn changes the direction by 45°. 

See how correctly you can interpret this drawing. 

This is the end of Lesson 6. Ink work s(^ems quite diflScult to a beginner. 
However, you will be surprised to see how readily the art is mastered in a 
few exercises. 



LESSON 7 


SECTIONS 

Often it is clearer if a section is used instead of a view. In practice, 
objects are often very complicated and it is d fficult to show clearly the 
interior construction by means of dotted lines. In many cases both views 
and sections are necessary in orde,- that the worktnan and others shall 
form a correct idea of the object which the draft.sman is representing. 


SECTION A-A 
Scale 6"=l'-0" 


SECTION C-C SECTION B-B 

Fiu. 7a.—An object sectioned along thice planes. 

Suppose that we cut through an object, throw one part away, and then 
look at the other The resulting view is called a section. For example, let 
us consider the simple block shown in Fig. la. One way of describing the 
block would be to draw the sectioas AA, BB, and CC. In Fig. 76 are shown 
the same sections, now made orthographically instead of pictorially as in 
Fig. 7a. In Fig. lb, we have also included the top view, the front view, and 
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the side view. Not all of these arc needed but they are included to make 
clear to the student the relation between the different views and sections. 

If now we cut through the block on the line ^4.4 as shown in both figures, 
throw away the right-hand half and look directly at what is left, we get the 
section AA as is shown in both drawings. We can proceed similarly for the 
section £B,' note, however, that when the right-hand part is thrown away. 



SECT/ON OC SECTION BB 

Sco/e 

Fig 7h —An object lepieseuted by vrwf and sections 


what is left is nuich simpler than in the case of the section AA. Note 
too that the direction in which we look after one part of <lu‘ block is thrown 
away is indicated clearly by the arrows. The section CC is cuf in a different 
direction; we throw away the nearer half and look at the farther half as is 
shown by the arrows. 

The following rules apply to sections: 

1. The location of th(» section must be clearly shown. The line for that 
purpose as shown in the alphabet of lines, Fig. 66, is a heavy dash-and-two- 
dot line. 

2. The direction in which we look after the other part is thrown away 
should be indicated by arrows located at the end of the cutting line. 

3. Underneath each section should be marke'd the name of the section. 
Usually capital letters are employed. Do not repeat these letters on a single 
sheet but make a different letter for each different section. 
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4. Rules 1, 2, and 3 are frequently disregarded when the men who use 
these drawings will understand just where the section is taken, or where there 
cannot be any possible confusion about the place where the section is cut. 

6. The laws of direction and opposition should be followed. That is/ 
we look from the place where the section is drawn, toward the point where 
the section is located; it is desirable to put it so that each point of the 
section is directly opposite the same point in the view in which the location 
of the section is shown. 

6. Dotted lines arc often omitted if they do not assist one in under¬ 
standing the section. 

7. The portion actually cut is emphasized in some way. The usual 
method is cross-hatching as shown in Figs. 7a and 7b. Sometimes the cut 
surface is clouded by using the side of a pencil until it is thoroughly smeared. 
Such a procedure shows up clearly in a drawing and takes nicely in a blue 
print. Sometimes it is tinted but many papers will not take the water that 
is used in this process. Small thin sections are often blackened with pencil 
or ink. 

8. The usual angle of the cross-hatching is 45® with the horizontal in 
either direction. Skew objects look better if the angle of 45® is with one 
main side of the object. 

9. If the section cuts through several pieces, adjacent parts should be 
cross-hatched in opposite directions. Many concerns vary the cross-hatch¬ 
ing with the material that is cut. Typical conventional signs of this kind 
are shown in Fig. 8/. 

10. Sections parallel to the axis of long thin members are usually left 
unsectioned. Thus a section along the axis of a shaft, a rivet, a bolt, a gusset 
plate, or a spoke or similar object is usually shown as a view. 

The sheet for this lesson will be drawn in ink for the first time. Students 
should review very carefully the instructions about inking in Lesson 6 
before undertaking this work. 

REQUIRED WORK: LESSON 7 

Answer eight questions, make two sketches, do the lettering, and draw one sheet. 

7-1. What is meant by cross-hatching? 

7-2. How is the position of the section indicated? 

7-3. When should dotted lines be shown in a section? 

7-4. How may sections of small thin objects be represented? 

Sheet 7-2 (Fig. 7d) 

7-5. What is the size of the drilled hole in these two hose connectors? 

7-6. State the diameter of the tapped holes. 

7-7. What is the overall height of the hose connector shown in the upper part of 
the cut? 

7-8. Name the three outside dimensions of the lower hose connector. 
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Sheet 7-3 (Fig. 7e) 

7-9. What is the length shown for the typical terra-cotta blocks? 

7-10. State the top and the bottom widths of the key for arches in the terra-cotta 
blocks. 

7-11. What is the length of the typical concrete blocks measured in a direction 
parallel with the voids? 

7-12. State the extreme length and width of the vacant spaces in the larger of the 
two concrete blocks. 

Sheet 7-4 (Fig 7/) 

7-13. State the dian der of the hand wheel of the gate valve. 

7-14. How meri’, cirailar openings are there in the rim of the wheel? 

7-15. Wh.it is iLo leng'th of the spindle? 

7-16. How many parts are there in this v^alve? 

Sketch the following sections: 

7-17. One across the width of the monument in Fig. 4h. 

7-18 \ horizontal section halfway up in the fiost of Fig. 4?. 

7-19. A veitical section through the middle of the 4 ^ 2 " length in Fig. 6z. 

7-20. A vertical section in Fi^. *•./ acruss the middle of the upper V. 


LETTERING 

Fo the student’s convtuiience, we have here rept»at(‘d Fig. Id as Fig. 7c. 
Copy these characters in ink, first vertically and tlii'ii inclined, 34'' 



high, high, and 34" high. Be sure to rule the proper guidt* lines and to 
make the letters the required height; above all else, the letters must 
be exactly the same height in a given row. Beginners will find it advanta¬ 
geous to work the lettering in pencil first; experienced men work directly in 
ink and students should gradually accustom themselves to this procedure. 

SHEETS 

All sheets are to be finished in ink on detail paper. Draw first in 
pencil, making lines only heavy enough so that one can see them to do 
the inking. 
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Sheet 7-1 

This should be undertaken only by those interested in structural work 
and only when a handbook is available to give sizes of items mentioned. ‘ 

A column rests directly on three 24" I’s weighing 79.9 lb. per linear 
foot, 7'-8" long, and spaced 9" center to center. These in turn rest on eight 
8" I^s weighing 35 lb. per linear foot, 7'-6" long, and spaced 12" apart. The 
whole is encased in concrete, the protection to the foundation steel being 
2 to 3" of this concrete. 

Draw plan, a section parallel to the 24" I-beams, and a section parallel 
to the 8" beams. It is customary in cases like this to pass the section 
through the concrete, but to show the I-beam nearby as though visible. 
The scale is 3^" = I'-O". Dimension as for structural engineering. 

Sheet 7-2 (Fig. Id) 

These drawings represent pictorially two hose connectors used to sup¬ 
port the piping system in the body of an automobile. Draw and dimension 



Pio. 7#^.—Hn»o noniiftrstor® fnr •‘n 
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both, giving each top view. In addition, for the upper hose connector, 
show a section through the middle of the 1" dimension and also at right 
angles to it through the middle of the 5^" tapped hole. For the second, in 
addition to the top view, give a vertical section through the middle of the 
5^" dimension and also a vertical section perpendicular to the first named 
through the center of the tapped hole. 

Sheet 7-3 (Fig. 7e) 

This figure shows typical terra-cotta blocks and concrete blocks as used 
in building construction. The scale of the cut is = I'-O". Copy it 
double size and mark the scale of IJ^" = I'-O" on the drawing. 



Fig. 7e. 












Fig 7/—A gate valve 


line of the pipe, at a scale of 6" = I'-O". Copy this, making it double size 
or 12" = 1Notice the spindle, a long longitudinal object, is not 
sectioned. Give the main dimensions of the object as they are shown in 
the cut. 
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Sheet 7-5 

This is an original problem in design and should be undertaken only by 
students who possess a certain amount of ability. 

Design an eating table for a camp to accommodate eight men. Show 
at a scale of y<i' = I'-O" the plan, the front view, and a section taken 
transversely to the length of the table. Insert a bill of materials. This is a 
tabulation which states first a certain letter which appears upon the draw¬ 
ing, showing where the material is used. Then should come the number of 
pieces; next the description of the pieces; sizes; and finally the lengths. 
A slightly different bill of material is seen in Fig. IHj. 

We have now reached the end of Ijosson 7; we hope that you are able to 
visualize sections as well as the ordinary views used in describing objects. 



LESSON 8 


SPECIAL SECTIONS 


The cutting plane of the section is not necessarily straight or a single 
plane. For example, in Fig. 8a is shown a top and front view of an irregular 
block. In the top view, the location of the section AA is shown, following 
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Fig. 8a.—An irregular section. 

the irregular line BCDE, In the lower part of the cut is shown the section 
AA itself. Note that the section from B to C and from D to E is shown, 
and that the portion CD is omitted entirely. 

Sometimes a section may be curved. In such a case, it is impossible to 
follow out the law of opposition as only one point, preferably the starting 
point, can be placed opposite its position in the view in which the section 
is taken. 

In Fig. 86 are shown various sections, some of which will serve as a 
review for ordinary sections. Special attention is called, however, to the 
sections at the right marked ‘'partial section.” In the extreme right-hand 
cut, one half is a right side view and the other half is a section along the line 
A. Next to it is another composite drawing. Part of it to the left is an 
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S£CT/ONA-A 

rRAA/S]/£RS£ S£CT/ON 


SECTION B-B 

LONGITUDINAL 

S£CTION 

Fic^. 86. 


SECTION A-B ' 

PARTIAL or half S£CTI0N 



Fia. 8r.—A jjulley ^ith a front view, a half side v'lew and *i half section. 





Fig. 8d.—revolved section. 
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ordinary view, and a small portion at the right is a section along the line B 
as marked in the view above. A special case of this, employed in the repre¬ 
sentation of pulleys, flywheels, and so forth, is shown in Fig. 8c. 


REVOLVED SECTIONS 

Occasionally, as in Fig. 8d, a view is broken and the section is inserted in 
the middle of the object. Sometimes, as is shown in the cut, the member is 
broken for the insertion of the section; again the lines of the view run 
straight through. Both methods are fairly common. Where the section is 
constant, the revolved section may be dimensioned to advantage. How¬ 
ever, it is occasionally employed to show general shape even where the cross 
section varies; in such cases, the dimensions must be placed elsewhere. 
The general practice in structural work is to show only two lines for each 
flange although there are really three, as in the cut. 

REQUIRED WORK: LESSON 8 

Answer eight questions, make two sketches, do the lettering, and draw one sheet. 

8-1. Explain fully the revolved section. 

8-2. Is it allowable to use a curved section? 

8-3. What is meant by a broken section? 

8-4. Explain the partial section. 

Sheet 8-1 (Fig. 8/) 

Describe the conventional signs for the following materials: 

8-5. Cast iron. 

8-6. Asbestos. 

8-7. Copper. 

8-8. Fire brick. 

8-9. Brick (in section). 

8-10. Brick (in outside view). 

8-11. Babbitt. 

8-12. Glass. 

Sheet 8-5 (Fig. 8A) 

8-13. How many teeth are there in the gear? 

8-14. What is the angle at which the small end of the shaft is tapered off? 

8-15. State the pitch diameter of the clutch. 

8-16. How many splines are there on the shaft? 

Sketch the following: 

8-17. A horizontal section through the middle of Fig. 4d, considering the upper draw¬ 
ing to be a top view. 

8-18. A horizontal section through the middle of Fig. 56. 

8-19. A vertical section through the middle of the steps of Fig. 5j. 

8-20, A section through the middle of the 3H" dimension of Fig. 5k. 
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LETTERING 

Copy in ink the letters D, P, R, B, J, U, as shown vertically and 
inclined in Fig. 8e repeated from Fig. 2d. Make each in letters high, 
high, and high. 



SHEETS 

All drawings are to be made m ink upon detail paper. 

Sheet 8-1 (Fig. 8/) 

Copy these conventional signs, making the squares and in general the 
signs themselves just twdce as large as tliost* shown in the cut. Underneath 
neatly letter the name of the material which is represented. 

Sheet 8-2 

This plate, differing radically from the preceding, calls for designing skill. 

Design a jig for boring five half-inch holes always in a fixed position 
with reference to one another. There are four holes 4" apart in one direc¬ 
tion and 6" apart in the other, and exactly in the middle is the fifth hole. 
They are to be centered in a space 8" X 9", the 4- and the 8-inch dimen¬ 
sions being parallel. It would seem fairly simple to put in the half-inch 
holes at the required distances apart. However, the continued drilling 
through this plate, if made of ordinary materials, would in time enlarge the 
holes so that they would no longer be exact. Hence, we will make the 
holes 1" in diameter and provide a bushing of hardened steel with a half¬ 
inch hole which fits exactly in the 1" holes. 

Design and dimension this jig with its five bushings. A top view of the 
plate at a scale of 6" == I'-O" will be sufficient if its thickness is given. 
For the bushings, give a top view and a section through the axis of the same, 
at a scale of 12" = I'-O". This drawing is to be dimensioned. It is not 
necessary for us to give full information, as it is desired to accustom you 
gradually to the use of your own judgment in deciding certain minor 
matters. 
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Sheet 8-3 

A flywheel is 24" in diameter. It has a rim 4" wide and 2" in full depth 
and is gradually curved to have a total depth of The wheel has at its 

center a 3" diameter hole with a X slot for the key with a hub 5%" 
in diameter by 5" long. There are 5 elliptical arms 2)4" X at the 
rim and 3" X 1?/^" at the hub. Draw a half front view and a combined 
half view and half section at a scale of = T-0". Dimension fully. 

A flange coupling is 7" in diameter and has a hole for a shaft in 
diameter with a X J fe" slot for the key. The hub is 2]^!' diameter by 
43^" long. The bolt circle (the circle passing through the centers of the 
bolts) is 43 ^" in diameter, and it has 6 hexagonal-headed bolts vdth hexag¬ 
onal nuts. The coupling is made in two parts; each flange is 13^" wide 
and each web is 5^" thick. Depth of the flange is Draw and dimen¬ 
sion fully, at a scale of 6" = I'-O", a one-half front view and a combined 
half side view and half section. 


Sheet 8-4 

Both drawings on this sheet are made at a scale of = T-0" and 
there is to be a half front view and a combined half view and half section 
of each obiect. Both are to be dimensioned fully. 

The gear wheel has an outside diameter of 25J4", a pitch diameter of 
24", and a root diameter 22)^". The inside diameter of the flange is 18", 



the hole for the shaft is 4" in diameter, and it is provided with a I" X 3^" 
slot for the key. The hub is 7^" in diameter and 7" long; it is unsym- 
metrical, 4" on one side and 3" on the other. There are 4 arms, elliptical 
in section, X 3" at the rim and 2" X 4" at the hub. There are 32 
teeth on this wheel; the draftsman should receive special instruction as to 
how they should be drawn. Sometimes, they are not shown at all but the 
number of teeth is merely lettered upon the drawing. Often only one 
tooth is drawn and the number is indicated. They may be merely sketched 
in, or, again, they may be thoroughly worked out and drawn in. We wish to 
emphasize that the exact determination of gear teeth is an important matter 
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for which we cannot spare the proper space at this point. However, gear 
teeth may be laid out as is stated below. It must be understood that the 
method is diagrammatic. We will assume that the number of gear teeth If 
is given and the mean diameter of the wheel, D, is stated in inches. 
Then the results below are all in inches. 


S = 


irD 


Addendum 


D 

N* 


Dedendum 


IP 

6i\r’ 


See Fig. 8g 


m = 


D 

60’ 


R 



For example, let the gear be 20" in diameter and have 80 teeth. Then 
we may compute that the spacing S is 0.39", the addendum is 0.25", the 
dedendum is 0.29", m is 0.33", and R is 2}^'. 

As an approximate rule which is only roughly correct, we will suggest 
that the teeth be drawn in as indicated in Fig. %g. As is there shown, make 
the spaces between the teeth equal to the thickness of the teeth themselves 
on the pitch circle and use a radius of 3^ of the diameter in drawing the 
sides of the teeth. 

The pulley is 24" in diameter and has a 3" diameter hole for the shaft 
with a X recess for the key. The hub is 5^" diameter by 5" long. 
There are six arms having an elliptical section, 1 3^" X 2^" at the rim and 
X 3" at the hub. The rim is thick at the center but its surface is 
“coned” (rounded) to a radius of 24", making it a bit thinner at the edges 
of the rim. Coning helps to keep the belt on the wheel. 


Sheet 8-5 (Fig. 8A) 

Draw and dimension full size the clutch and gear shown in Fig. 8ft. 
A front view with a partial section at the right-hand end will do here. 
Copy the table, giving clutch and gear data, as it is nece.ssary in order to 
fully understand the making of the parts mentioned. This is a part of the 
change gear for an automobile. 
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This is the end of Ijcsson 8. It is suggested that a written review lasting 
an entire exercise be held at the next meeting of the class. Whether such a 
quiz is given or not^ this is the time to go over the past work and be sure 
that you understand it. 

















LESSON 9 


SYMMETRY 

A knowledge of symmetry is essential in the making or the reading of 
drawings. 

An object is said to be symmetrical about a surface when every point 
on the object on one side of that surface has a corresponding point exactly 
opposite on the other side of the surface and exactly the same distance from 
the surface but in an opposite direction. For example, the exterior frame of 
a man is symmetrical about a plane passed through his nose and between 
his legs. His hands, if at rest, will have the same 
dimensions; each point upon the right hand will be 
the same distance from the central plane as is the 
corresponding point on the left hand. Internally, 
a man is not symmetrical; for one thing, he has a 
heart on his left side and a liver on his right. 

This same idea is used in making the individual 
views of an object. A vi('w is said to be symmetrical 
about a line when every point on one side of that 
line has a corresponding point on the other side of 
the line the same distance away but in the opposite 
direction. Thus, in Fig. 9a, the plate shown is symmetrical about the 
line A Ay drawn through the center line of the area. Two holes that are 
intersected are symmetrical with respect to AA; a and a', b and 6', and c 
and c' are likewise S3nnmetrical; similarly, each point on one side has a 
corresponding point on the other side symmetrical with it. 

The principal advantage of symmetry is that only one-half of a sym¬ 
metrical object need be shown and dimensioned; for the remainder, either 
of the following notes is enough: 

Symmetrical about the line ... ^ 

or Sym. abt. this is 

In Fig. % are shown a front view and a section of a symmetrical two- 
family house. 

The first object in Fig. 9c, a plain shaft, is symmetrical about any plane 
perpendicular to its axis at its midpoint, and also about any plane through 
its axis. The second object is symmetrical only about the latter. The third 
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shaft has only one plane of symmetry, and this passes through the middle 
of the key seat. The two wrenches are symmetrical about a center line 
between them. Apparently they arc right and left as mentioned in the next 






Fig. 9b — A s^mmetrK'al dwelling. 


lesson. However, they will be alike if symmetrical about a plane in the 
middle of their thickness. 

When you are given a drawing to be made, there are two questions to be 
considered: 

Is it symmetrical? 

If it is symmetrical, will the time and space saved by drawing only one 
half be enough to overcome the greater difficulty in understanding it? 
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The usual answer is “yes” unless the object is not simple. 

Sometimes an object is symmetrical except for some small item. For 
example, an ordinary bridge is often symmetrical except that it has round 




Fig. 9c. 


holes for foundation bolts at one end and slotted holes at the other end to 
provide for expansion. In such cases, it is customary to mark the center 
line: 

Symmetrical about this center line except as noted. 

Then where the holes are shown, there will be lettered: 

round holes this end. 

X 2 " slotted holes far end. 
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TRACING CLOTH 

In some respect, this is like vellum. It must be fastened down at four 
corners and the cloth is ruined by folding or by moisture in any form. There 
are dijfferoncos as well. The material will not tear if it is properly handled. 
The two surfaces of the tracing cloth are quite different; on the glossy side, 
a pencil mark scarcely shows, while it is very plain on the rough side. We 
will work on the rough side; consequently the shiny side should be placed 
toward the drawing board. 

The tracing should be powdered after it is fastened down. Prepared talc 
powder or borated talcum powder may be employed. Students generally 
use ordinary chalk. Mark thoroughly a space about a foot square and 
clean the board with a blackboard eraser; then use the same eraser to apply 
the chalk powder over the entire drawing. Dust off with a clean rag; excess 
particles are likely to cause blots. 

Erasures are made on tracing cloth much as on detail paper. 

The drawing is usually made first in pimcil on detail paper and then 
copied in ink on tracing cloth. In practice, many draftsmen work directly 
on the cloth. Some lines are drawn in pencil and as many as possible di¬ 
rectly in ink. Dimensioning and lettering are usually done without any 
penciling work at all. It is advantageous here to use guide lines on a sepa¬ 
rate sheet, moved underneath each bit of lettering that is to be done. 


EXAMPLES 

The upper hose connector shown in Fig. 7d has no axis of symmetry. 
The lower hose connector is symmetrical about a vertical plane cutting the 
middle of the dimension. Of the blocks shown in Fig. 7c, all are sym¬ 
metrical about a plane passed in the middle of their length. Every section 
except the skew back has another axis of symmetry, and the sections of the 
typical concrete block have two other axes. 

REQUIRED WORK: LESSON 9 

Answer eight questions, make two sketches, do the lettering, and draw one sheet. 
9-1. Define symmetry. 

9-2. Name the vertical capital letters which are symmetrical about only one center 

line. 

9-3. What vertical capital letters are symmetrical about two center lines? 

9-4. State the vertical capital letters that have no axis of symmetry. 

In the following twelve questions, the drawing of an object will be named and 
you will be asked to state whether the object itself is symmetrical or not. In case it is 
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symmetripal, state every axis about which it is S3rmmetrical; in case it has no axis of 
symmetry, say “unsymmetrical.” 

9-5. Lot plan, Fig. Ic. 

9-6. Roof truss, Fig. 1^. 

9-7. Bridge truss, Fig. \h, 

9-8. Athletic field, Fig. If. 

9-9. Pump handle. Fig. 2g. 

9-10. Cotter pin, Fig. Zg. 

9-11. Valve, Fig. 3/t 
9-12. Gib head key, Fig. 4^. 

9-13. Monument, Fig. 4/i. 

9-14. Bearing, Fig. 4/i. 

9-15. Post, Fig. 4z. 

9-16. Steps, Fig. 5j. 

Sketches 

The following objects are symmetrical. Sketch one-half of a view that has symmetry. 

9-17. The dog. Fig. 5m. 

9-18. The jig, Fig. hk, 

9-19. The V block. Fig. iSg. 

9-20. The cross link, Fig. (Sh. 


LETTERING 

Copy in ink the letters A, P], F, H, I, K, L, M, N, T, V, W, X, Y, Z, 
shown in the vertical and the inclined form in Fig. 9d. Make each in letters 
li" high, Ke" high, and Y^' high. 




mntvwx rz 


Fig. 9d. 
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SHEETS 

The objects suggested for drawing in this lesson are cither symmetrical 
or symmetrical except for obvious differences. In practice, some of these 
would be drawn with a line of symmetry and the omission of part of the 
object. However, symmetry may be made to pay only for larger objects 
such as are beyond the reach of a single lesson in this course. 

All drawings arc to be made in ink upon tracing cloth. 

Sheet 9-1 (Fig. 9c) 

We have shown here in Fig. 9o at a scale of 3" = I'-O", a half front and 
half side view and a quarter top view of a support for a grinder wheel. You 



Fig 9e —Part of a grinder wheel support. 


are to complete the views showing each at a scale of 6" = I'-O". Dimen¬ 
sion completely but remember that a dimension on a half of a symmetrical 
object shown as symmetrical is usually considered to be enough. 

Sheet 9-2 (Fig. 9/ and Fig. 9g) 

Pictorial dimensioned drawings of a part of a caster arc shown in Figs. 9/ 
and 9g. Please draw and dimension front and side views of each object at 
a scale of 6" == I'-O". 
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Sheet 9-3 (Fig. 9h) 

In Fig. 9h is shown a front elevation of a fireplace with a vertical section 
and also a horizontal section through it. The scale of the cut is = I'-O". 
Please draw this fireplace at a scale of = I'-O". It is customary in 



Fig 9h~ a firejilaf’c 


work of this kind to make the drawing very carefully to scale as the 
contractor works to scale m building it. As it will not have to fit m with 
any other object except those immediately around the fireplace, this practice 
causes no difficulty and is generally followed. 

Sheet 9-4 (Fig. Qi) 

In Fig. 9i is shown the pictorial dimensioned drawing of a piston for an 
automobile. Please describe this object completely by full size views and 
sections with dimensions. Make first a half view and a half section looking 
squarely at the ® diameter hole. Beneath, make a bottom view of this 
piston. At the side make a section at right angles to the direction of the 
first-named view, and below in the left-hand corner make a quarter section 
through these diameter holes. 
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This work is fairly difficult and should be undertaken only by those who 
are interested in mechanical work and particularly in the construction of 
an automobile. 



Fig. 9x.—A piston foi an automobile. 
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Sheet 9-5 (Fig. 9j) 

In Fig. 9j arc shown the pictorial drawings of three parts of a grinder 
guard with dimensions. Please describe each by suitable drawings at a 

scale of = 1". 

This is the end of Lesson 9. 








LESSON 10 


REVERSALS OR RIGHTS AND LEFTS 

In industrial work it is often necessary to build an object in two forms, 
each reversed from the other. Competent men in industry must be able 
to make one form from the other or to make them both from a single 
drawing. ’ 

Consider the object A as stumn in Fig. 10a; it is not symmetrical about 
any axis. Now, suppose a plane M to be ewetod on one side of A and then 
an object, A\ made symmetrical about M with A. That is, a' is opposite 



a and both are the same distance from the plane M. Similarly, b and 6', 
c and c', d and d', and so forth, are symmetrical about M. In the drafting 
room and the workshop, the one shown in the drawing is called the right; 
the one that we must create in our minds is termed the left. Thus, in the 
above figure, A might be shown; then in practice it would be called the 
right, while A' would not be shown but would be called for as a left of ^ 
If, about any plane as an axis, we construct an object symmetrical with a 
given object, the given object is called a right and the constructed object, a 
left. The position of the plane chosen as an axis does not make any differ¬ 
ence in the result; the same left will be obtained for any position of the 
plane M. 

Some engineers say: Place the object before a mirror; then the object 
itself is a right while its mirror image is the left. This is quite correct; this 
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method gives the same results as the use of a plane of symmetry. Often 
you can check your answers by the use of a looking glass. 

The necessary views for the right of the object should be marked about 
as follows: 

4 AS SHOWN, MARK B6^ 

8 BLOCKS REQUIRED 

4 OTHER HAND, MARK B6^ 

However, this information is often shortened, as rights and lefts are used 
a great deal and the mechanics do not need such detailed instructions. 
For example, the following form would be understood everywhere: 

4 B6^ 

8 BLOCKS 

4 B6^^ 

The following truths will help the mechanic in his work; in many cases, 
he will be able to see the reason for the statements as given: 

I. If a piece is symmetrical about any axis, the right and the left are the 
same; that is, there is neither right nor left. 

II. If a large piece is symmetrical, the small pieces of which it is com¬ 
posed are opposite hands (right and left) on different sides of the center line. 






X_ 


RIGHT 


LEFT 


IM 

1 


■ 


Fio. lot.—Two blocks which are right and left. 


That is, of two similar parts, symmetrically situated in a symmetrical 
object, one is a right and the other is a left. However, if the small part is 
symmetrical about its center line, its right and left are the same and no 
distinction need be made upon the drawing. 
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III. When large pieces are right and left, the pieces of which a left of 
the large piece is composed are lefts of the corresponding parts in the rights 
of the large piece. That is, a small part which is a right in the large right 
piece is a left in the large left piece; also, a left portion in the large right 
piece becomes a right in the large left piece. This rule is modified by the 
first principle: if the small piece is symmetrical about any axis, its right 
and left are the same; for such cases, right and left are not mentioned on 
the drawing. Likewise, then, only one pattern is needed in the shop. 

In Fig. 10b is shown a rectangular block with one comer clipped off. At 
the left are the drawings of the right and at the right are the drawings of 



I I 



RIGHT 


LEFT 


Fig. lOr. —Two houses that are right and left. 


the left. Above are the ])ict()rial drawings, while below are the orthographic 
drawings. It is easic'st to understand the construction of the left from the 
right if we imagine the plane of symmetry to be located half way between 
the two top views. 

• In Fig. 10c arc the front views of two houses that are right and left. 
Above is a section of each showing the arrangement of the first floor. 

Figure lOd shows views of a skew plate girder bridge. It is made of two 
large beams built up of plates and angles and braced together. This par¬ 
ticular one, as sometimes happens, has its ends arranged at an angle instead^t 
of placing the beams exactly opposite as is more often done. In the lower 
left-hand corner are seen the top view and the front view of a right. Above 
and to the left arc the same two views of the left. Below and to the right are 
the top and front views, also of a left. The upper left is drawn with a hori¬ 
zontal plane as the j^lane of symmetry while a vertical plane is used for the 
construction of the other left. The two will be found to be the same, 
confirming the statement already made. Also, as stated in III, any brace 
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in the left will be a left of a corresponding brace which is a right in the big 
right bridge. 



LEFT 


NMXXIXK 




RIGHT 


LEFT 

Fia. lOrf. 


In Fig. 10^“ ai'e shown the top and front views of a skew hojijx'r, a sloj)- 
ing stool bin for storing material. At the loft are so(>n the two views of the 
right, while on the right are seen the two views of the left. Now a work¬ 
man must be able to build the left merely from a drawing of the right. 





RIGHT LEFT 

Fig. lOe.—Two hoppers that are right and left. 

Perhaps it might be more convenient to give the form shown on the right. 
Then that would be called the right and the one that must be built sym¬ 
metrical with the given one would be the left. 
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A. When a pictorial sketch of a left is to be made from a pictorial sketch 
or drawing of the right, use a plane M as in the first figure of this lesson. 
Pictorial views are considered in detail in Lessons 18, 19, and 20. 

B. When an orthographic sketch of a left is to be made from a pictorial 
sketch or drawing of the right, beginners will find it best to transform first 
the pictorial work as mentioned in Aj and then make the orthographic 
views of the pictorial left. Experience may enable the student to dispense 
with this step and make the required orthographic sketch directly. 

C. When an orthographic sketch of a lefL is to be made from an ortho¬ 
graphic sketch or drawing of the right, pass a vertical plane through the top 
and front views parallel to both lines of sight. Then interchange each view 
about this'plane, in each case making the new view symmetrical with the 
old about the assumed plane. Finally, alter other views to agree with these 
changes. 

The final result will be the same whatever the position of the vertical 
plane. 

D. When a pictorial sketch of the left is to be made from an ortho¬ 
graphic sketch or drawing of the right, beginners will find it best to trans¬ 
form first the orthographic work as mentioned in C and then make the 
pictorial sketch from these views. Experience may enable the student to 
dispense with this step and make the required pictorial sketch directly. 

Sometimes the actual object is given, and its left is required. Under 
these circumstances sketch it as it is and then transform as already directed. 
p]xperience may enable one to do the work at a single step. 

REQUIRED WORK: LESSON 10 

Answer eight questions, make two sketches, do the lettering, and draw one sheet. 

10-1. What is the left of an object? 

10-2. Bring the flat of your hands together. One hand is the right, the other is the 
left. Where is the plane of symmetry? 

10-3. Is your right hand a left of your left hand? 

10-4. What is the left of a left? 

10-5. The bridge shown in Fig. 10/ is symmetrical about two vertical planes. As 
you enter, at your right is the end post, EP^. What, then is the mark of the end post 
at the left? 

10-6. What is the mark of the end post at the left in Fig. 10/ as you are leaving 
the bridge? 

10-7. What is the mark of the end post at the right as you are leaving the bridge? 

10-8. The two top pieces at the center are marked TC^. Will they be right and left? 

Sheet 10-1 (Fig. lOh) 

10-9. What is the extreme length of the slotted hole in the rest for the grinder guard? 

10-10. State the thickness of the gusset. 

Note: A gusset is a thin wedge-shaped bit of metal used to brace two parts of an 
object together. 
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Sheet 10-2 (Fig. lOi) 

10-11. What is the thickness of the metal that is used in the main parts of the gpard? 

Sheet 10-3 (Fig. 10;) 

10-12. What is the mark of the longest piece measured from joint to joint? 

10-13. How many of such pieces will there be in the entire bridge? 

Sheet 10-4 (Fig. lOfc) 

10-14. State the extreme length of the tool. 

Sketches 

Consider the object mentioned in the following to be the right and sketch the left. 

10-15. Figure a 
10-16. Figure 56 
10-17. Figure 6^’ 

10-18. Figure (upper) 7d 
10-19. Figure 8a 
10-20. Figure 13a 

LETTERING 

Letter in ink upon your sketch paper the numbers 0, 1, 2, 3, 4, 5, 6, 7, 8, 
and 9 as shown vertically and also the same numbers as shown in inclined 



lettering. Figure 4e is repeated here for your convenience as Fig. lOg, 
Make the letters first high, then high, and finally high. 


SHEETS 

All work in this lesson is to be in ink upon tracing cloth. 

There are threcj very interesting ways in which you can check a drawing 
which shows the left of a given right. First, take the drawing of the left 
and look at it in a mirror; if it is correct, the mirror image will appear to be 
exactly the same as in the original. Also one can take the drawing and hold 
it up to the light and look at it from the back. What you see should again 
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be like the right. Still a third method of testing the drawing is to put it in 
the blue-print frame the wrong way; the resulting print will then be like a 
right. However, your lettering and your numbers will be reversed in all 
these tests. 

Sheet 10-1 (Fig. lO/i) 

The tool rest shown in Fig. lOh is at a scale of 3" = I'-O". Copy this, 
making it twice as large or at a scale of 6" == I'-O". Then underneath, draw 
the same views of the left of this object and dimension this as well. 

Note: In practice, the left is not shown, but the shop is expected to 
make it merely from the drawing of the right. 



Sheet 10-2 (Fig. lOi) 

In Fig. lOi is shown the left of a part of the grinder guard. Please draw 
at a scale of 3" = I'-O" and dimension the right. When this is done, it 
will be found to fit into the other parts of the grinder guard which were 
given in the last two sheets. 

Sheet 10-3 (Fig. lOj) 

In Fig. lOj are snown various views of om' half of a symmetrical bridge. 
On this are placed the marks of the various parts which, when put together, 
make up the structure. Draw the entire bridge at a scale of = I'-O". 
Dimension it and place upon it the proper marks, being careful that the 
correct marks, R for right and L for left, are placed upon the members. The 
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Fig. lOi.—Pait of a gnndei guard. 
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South truss 


Fig. 10^.—Half of a aymmetncal bridge. 
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expression 8 @ 24 = 192 means that there are eight parts of the bridge, 
each of them 24' long, making the entire length, center to center of the 
ends, 192 feet. 

Sheet 10-4 (Fig. 10 k ) 

In Fig. lot are shown two views and a section of a tool. Copy and 
dimension these, making them twice as large or full size. Then, below. 



repeat the .same views and dimension thc'in, making them, however, for 
the left of tlie object in the upper j)art of the sheet. 

Sheet 10-5 

On page 18 of the text is shown a plan of lots. Draw a left of this, 
making your drawing twice the size of the original. Letter a title at the 
bottom of the sheet. 

This is the end of Les.son 10. We hope th/it you have derived sufficient 
knowledge in regard to right and left so that you can understand these 
terms either in the drawing room or in the shop. 



LESSON 11 


AUXILIARY VIEWS 


The orthographic views look perpendicuhrly at the main faces of the 
object. The direction of these views is: 

Vertical. 

Horizontal, perpendicular to the front, 
or 

Perpendicular to the preceding two directions. 


Now a view taken in any other direction is termed an '^auxiliary view.’’ 
In this lesson, we will consider only the cases where the direction is part way 
between two of the directions listed above. Some engineers call such a view 
the ^^first auxiliary.” However, when the term ^‘auxiliary” is used alone, 
the ^^first auxiliary” is intended. 

Now any view can be constructed when the relative values of the coor¬ 
dinates of each point are known. For 
example, in Fig. 11a, if we have the 
lengths 

abj bcj and cd 
brrif cn, and do 



we can construct the figure. If this ^ ^ r 

. Fig. 11a.—Cooidiiiatcs of a plane figure. 

quadrilateral is a view^, we have only 

the six quantities to get. Really, this construction is merely a location, two 
dimensions to each point. 

Consider now the block shown in top and front views in Fig. 116 and 
pictorially in Fig. Ilf. Let it be required to draw an auxiliary view, looking 
squarely at the incUned or skew face. The necessary view will be in a 
direction inclined from the vertical 30° towards the horizontal; it is hence a 
first auxiliary. 

First, let us insert in the top view a vertical plane. (In all cases, it is 
necessary that this reference plane be parallel to the direction of the auxil¬ 
iary view.) Then the perpendiculars bm, co, dn lie in the inclined face and 
are seen squarely and in their true size in the top view. The inclined dis¬ 
tances o6, be, and cd are shown in their true lengths in the front view. Now 
wo have the necessary coordinates; any view like Fig. lid with these coor¬ 
dinates properly arranged will be correct. 


119 




120 


INDUSTRIAL DRAWING 


For two reasons, it is best if the auxiliary view is placed directly opposite 
the inclined face. It is easy for the draftsman and less likely to contain 
mistakes, because the lengths ab, be, and cd are obtained directly by pro- 



M 



Fig. 11c. —The block of Fig. 116 shown 
pictorially. 



Fig. lid.—Auxiliary view of inclined face 
of block in Fig. 116. 


jection. It is very convenient for those who use the drawing, since it is 
more readily understood and there is less likelihood of error. 

Usually, only a partial auxiliary view is required, that is, a view which 
represents only the inclined face as in Fig. lid. However, if an entire object 
is to be shown in the auxiliary, the method is similar, as is shown in Fig. 
lie. That is, every point on the auxiliary view will be opposite the corre¬ 
sponding point in the front view; also the distance from the reference plane 
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will be the same in top and auxiliary views. Make the same lines connect 
as in the object itself. An interesting check is the fact that lines which are 
parallel in space are parallel in the auxiliary view as well as in the ortho¬ 
graphic views. 

Thus far, we have considered that the main purposes of drawing were to 
enable customers to understand what was intended and to direct workers in 


mf 



making the objects. However, drawings have another use and one which is 
quite important. If the drawing has been carefully made to scale, various 
measurements can be taken from it. These are very useful for three main 
purposes, namely: 

1. In preparing orders. 

2. In making estimates. 

3. In submitting bids. 
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As we shall see, the auxiliary views are particularly helpful in getting 
measurements that do not appear in their true size in the ordinary views. 


REQUIRED WORK: LESSON 11 

Answer eight questions, make two sketches, do the lettering, and draw one sheet. 
11-1. Define ^^first auxiliary.” 

11-2. Why is it best to put the auxiliary view directly opposite the inclined face 
in one of the other views? 

11-3. What is a partial auxiliary? 

11-4. Explain why^ hm in the auxiliary view in Fig. lid and in the top view in 
Fig. 11& are alike. 

Sheet 11-1 (Fig. llg) 

11-5. How wide is this foundation? 

11-6. State the hcjight of the uppermost step in the foundation. 

Sheet 11-2 (Fig. ll/i) 

11-7. State the length of the longest vertical member in the truss. 

11-8. Where is the horizontal member that is longest between joints? 

11-9. Where is the greatest angle between a top chord and a diagonal? 

Sheet 11-3 (Fig. Ih) 

11-10. What is the length of this connecting rod, center to center of end holes? 
11-11. What is the thickness of the web of the main seetion? 

Sheet 11-4 (Fig. llj) 

11-12. What is the cross section of the tool held in the upper tool holder? 

11-13. What is the over-all length of the tool shown in the low('r view? 

11-14. What is the cross section of the tool shown in the lower view? 

Sheet 11-5 (Fig. 11/j) 

11-15. State the size of the drilled hole in the rounded end of the casting. 

11-16. How high is the tapped hole above the very lowest part of the casting? 


Sketches 

Questions 17, 18, 19, and 20 are to be considered a sketch of the skew portion of 
the objects drawn in Sheets 11-1 to 11-5 inclusive. Do not sketch the sheet that 
you draw. 
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LETTERING 

The letters shown in Fig. 11/ are called small letters in ordinary conver¬ 
sation; the printer calls them *%wcr case/’ Important facts upon the 
drawing are ordinarily lettered in capitals which you have been using in 
your lettering exercises. Less important matters are lettered in lower case, 
the capitals being used only in places where we capitalize in ordinary prose. 

Copy each set of letters, making the height of the 6, dy /, etc., first J^", 
then and finally 3^". For each case, idle four guide lines: the top 
and bottom lines being four units apart, the top and the second being one 




c 


min 



Fig. 11/. 


unit apart, the s(*cond and Die third being two units apart, and the third and 
the bottom being one unit apart. The names of these lines are, in order: 

The top line is the Cap Line 
The second line is the Waist Line 
The third line is the Base Line 
The bottom line is the Drop Line 

The top of the touches the Cap Line; the looped part of the ^^6” lies 
between the Waist Line on the top and the Base Line on the bottom. The 
bottom part of touches the Drop Line, while the looped part of the ''g” 
is between the Waist Line and the Base Line. 


SHEETS 

All sheets are to b(' dimensioned and drawn neatly in ink upon detail 
paper. Be can'ful to draw each auxiharj^ view opposite the view from which 
it is taken, and to show it as though you were looking from the auxiliary 
view toward the view from wliich it was derived. 

Sheet 11-1 (Fig. llg) 

The object shown in Fig. llg is a footing such as is sometimes used 
where the load brought upon it is inclined as in a steel arch bridge. We have 
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shown here a front view and a right side view at a scale of 3^" = I'-O". 
You are to draw a partial side view that is looking only at the horizontal 
portion, a complete front view, and a complete auxiliary view. Make the 
scale of your drawing 34'^ = I'-O". 



Sheet 11-2 (P'ig. llh) 

A bridge 176' long with a bent upper chord is shown in Fig. 11//. Draw 
at a scale of Ke'' = I'-O" the top view and the front view of the left-hand 
part of the bridge and, above the front view, draw the auxiliary views of 



the second, third, and fourth lengths. On each of these auxiliary views, 
place the inclined lengths along the top chord, the length of a diagonal, 
and the angle that the diagonal makes with a top chord. Show also an 
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auxiliary view of the first length and give there similar dimensions—the 
length of the members and the angle made with the top chord. Dimension 
the drawing. 

Sheet 11-3 (Fig. Ilf) 

In Fig. Ilf is shown a pictorial drawing of a connecting rod for an 
automobile. Draw the front and the top views of this rod, together with a 
revolved section showing the shape of the main part of the rod and a partial 
auxiliary view of the clamp at the smaller end Make the drawing full size. 



Fia. 111.—A connecting rod for an automobile. 
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Sheet 11-4 (Fig. 11 j) 

In Fig. 11 j are shown pictorial dimensioned drawings of a tool holder 
and a tool. Draw the tool holder first in plan, looking down upon the end 



of the screw. Show the shape of the body of the tool holder by a revolved 
section. Throw out from the skew end a section through the center of the 
screw and also give an auxiliary view of the inclined end of the tool holder 
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and a section through the end of the tool The shape of the tool is an 
important item. 

Show the plan and the front view of the tool y%' X IM''- Also give 
a section through the end of the tool, showing the arrangement with regard 
to the working portion of the instrument. 

Both objects are to be completely dimensioned and both are to be made 
full size. 

Sheet 11-5 (Fig. life) 

In Fig. Why a casting is shown pictorially with dimensions. Draw 
half size a plan, a front view, and a complete side \iew, as well as a complete 
auxiliary giving all necessary dimensions. 



This is the end of Lesson 11. Be sure that you understand this subject 
thoroughly because this work will be made the basis for certain lessons 
that follow. 



LESSON 12 


SPECIAL AUXILIARY VIEWS 

A common application of the auxiliary view is to find the true length 
of an oblique line. The method is illustrated in Fig. 12a. The horizontal 




Fig. 12o.—A method for finding the true length of an edge of a pyramid. 

length as shown is obtained from the top view by projection and the differ¬ 
ence of elevation is determined by the front view; that is, h in the front view 
equals h in the auxiliary view. The horizontal length of a line and the 
vertical length of a line are two legs of a right-angle triangle of which the 
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hypotenuse is the actual length of the lino. Therefore, bo in the auxiliary 
is the true length of bo. As is quite clear, this auxiliary view shows the angle 
between the line and any horizontal plane. 

Some prefer to consider this operation as a projection upon a vertical 
plane parallel to the line whose length is wanted. Quite clearly, the method 
and the results are still the same. 


a X b 



Fig. \2h .—Another method for finding the true length of the edge of a pyramid. 


The true length of bo can also be obtained as in Fig. 126. Here an 
auxiliary view is drawn opposite bo in front elevation. The reference plane 
in the figure is made a vertical plane through ah. Another way of looking at 
it, is that bo is the hypotenuse of a right-angle triangle of which hx and ox 
( = m) are the legs. As wc have found the two legs, we have the correct 
value of the hypotenuse. 

Another use of the auxiliary view is shown in Fig. 12c. Let it be required 
to find the angle between a horizontal plane and the face aoc of the pyramid. 
Now, a view taken in a direction parallel to the line of intersection, ac,of the 
two planes will show the angle in its true size. Really this is similar to the 
preceding because we are getting the angle between the slant height and the 
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horizontal. As before, the horizontal length of the inclined distance is 
obtained by projection, wliik' the height h is made the same in the auxiliary 
view as it is in the front view. 

A useful application of the first auxiliary is the determination of the 
point where a line pierces a plane. For example, it might be required to find 



Fig. 12c.— Deteimination of the ansli* hotwoon base and sido of a pvranud. 


out where the center line of a pipe went through the side of a hopper or 
where a column cut through a roof. The problem is solved by drawing an 
edge view of the plane' in (luestion. Now any line in the plane would do to 
determine the direction of the view but the' most eonve'nient one is a level 
line, that is, a line that is horizontal. A level line can be obtained as in 
Fig. 12d. In t he front view, draw a horizemtal line uv. As v is on the line st^ 
it must be a point in at in the top view dire'ctly above. 

In Fig. 12e, we are required to find where the line xy pierces the triangu¬ 
lar pyramid, oabc. Let us first find where xy pierces the plane oab. Fortu¬ 
nately, we have here a level line ab; a view parallel to ab will show the 
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plane oab as a straight line. At the left, such an auxiliary is drawn with the 
line xy also represented. The horizontal length of the plane oab is deter¬ 
mined from the top view by projection as is shown. The vertical height h is 
made alike in the auxiliary view and in the front view. The plane oab can 
now be drawn as a lino in the first auxiliary. Then x in the first auxiliary is 
oppo.site X in the plan and the same height above the base as in the front 
view. The point y can be located in the same manner. Then the real 
point in the auxiliary view where the line xycu'a the plane oab is m. The point 



m in plan is obtained by projecting back from the first auxiliary. The point 
m in the front view is on the line xy and directly below m in the top view. 
There is a check here as the height above the base in the auxiliary view must 
be the same as it is in the front view. The position of k is determined in the 
same manner in the right side view. The point k where the line xy pierces 
the plane of the pyramid in the right side view is then the intersection of the 
line xy with the plane of oac. This location, k, may now be projected back 
from the right side view to the points on the line xy as shown in the front 
and the top view. This is the intersection k of the line xy as shown in the 
two views. 

This work will be made much simpler for you if you will try to determine 
just what views are neceasary to get the required quantity. You should 
then see that the manual operations arc merely those necessary to construct 
a certain view. 
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REQUIRED WORK: LESSON 12 

Answer eight (juestions, make two sketches, do the lettering, and draw one sheet. 

12-1. State four kinds of measurements that can be obtained by the use of the 
first auxiliary. 

12-2. Which method do you prefer—the view or the projection? 

12-3. Explain the method of finding the true length of a line by the auxiliary view. 
12-4. How docs the method shown in Fig. 12a differ fn)m that indicated in Fig. 126? 

Sheet 12-1 (Fig. 12(y> 

12-5. What is the usual thickness of the metal in this angle block? 

12-6. What is the cross section ol the i-otchi^- projecting in the bottom of the 
block? 

12-7. State the size of the rods for .vhich the holes arc cored. 

12-8. Determine the inclination the sides of the block to the horizontal. 

Notr: This is given in inches on your drawing. 

12-9. The two depn^ssed poHions on one side of the block are for the compression 
members coming in from the truss. For what size of timber are they intended? 

12-10. Answer the same question for the singU* recess on the other side of the block. 
12-11. What is the aiiproximate height of the block measured from the main base? 
12-12. Compare the length of bo as obtained by the two solutions given. 

12-13. Is the angle with the plane the same in these two solutions? Why? 

12-14. What is the value of the angle shown betw^een the face aoc and the plane of 
the base in Fig. 12c 

12-15. Is km shown in its true length in the top view of Fig. 12c? 

12-16. IIow could you get the true length of km as showm in Fig. I2ef 

Sketches 

12-17. Sketch the right side view of the pyramid of Fig. 126. 

12-18. Sketch the lt*ft side viewr of the line and pyramid in Fig. 12e. 

12-19. Sketch the right side view^ of the roof surface of Fig. 126. 

12-20. Sketch the solution of a problem in a sheet that you do not draw. 

LETTERING 

Tho n>maining small letters are shown in Fifi. 12/. Copy them as you 
did in the ijrecedinR h'sson in h'ttc'rs i c". and high. This measure¬ 

ment is to be th(' total height of such letters as b or d. 
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SHEETS 

All work is to bo dono in ink upon detail paper and completely dimen¬ 
sioned. Be careful to keep your auxiliary views always opposite the view 
from which they are taken. 

Sheet 12-1 (Fig. 12g) 

This is the angle block for a Howe truss, a wooden bridge that used to 
be built a great deal but is now much less used. Notice the holes for the 



Fig. I2g .—An angle block for a Howe truss. 

steel rods that pass through the central part of the block, and also the 
recesses that are inserted to receive the timber members. See Fig. 20c 
for an outline of a Howe truss bridge. 

Draw a top view, showing the 24" X 28" side. Also draw the front 
view and the two auxiliary views. If necessary, you can omit a little of the 
corners of each of these auxiliary views where they are outside the border. 
This is often done in practice where there is no important construction 
involved. 

The scale is to be = I'-O". Use the structural system of dimen¬ 
sioning. 

Sheet 12-2 

The mast (the vertical member) of a derrick is 40' high, and the base 
has an elevation of 108.2 feet. The top of the mast is held in position by 
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four guys (wire ropes). The locations of the lower ends of the guys from 
the foot of the mast are as follows: 

Guy A—N 35° E (from the North 35° toward the East) 

62 0 feet—Elevation 128 6 feet. 

Guy —S 62° E S3 0 feet—pjlevation 91 5 feet. 

Guy C—8 41° W 68 6 feet—Elevation 105 3 toot. 

Guy D—N 51° W 58 0 feet—Pllcvation 108 2 feet. 

Note: These four distances were measured horizontally. 

Use a scale of 1" = 32'-0", draw a plan and a view looking from the 
south; add the views necessary to determine and mark the length of all 
gnys. 

Sheet 12-3 

A plate 10" X 1" X 14" has four 1" diameter holes, IJ^" away from 
the nearest edges. There is a plate perpendicular to the 1" plate and 
thick, running so that the centei of this plate passes across the center 
of the 1" plate at an angle of 10° with th(» length of th(' jdaic'. Measure up 
from the center of the top of the 1" plate along the cent(‘r of th(' 5^" plate 
a distance of 3" at an angle of 15° with the v('rtical, and locate there a 2" 
diameter hole. The plate is wedge-shaped in the main but the top is 
rounded off at a radius of 21/^" from the centcT of the just-mentioned 2" 
diameter hole. Draw at a scale of 3" = I'-O" th(' top view, the front view, 
the right side view, and the auxiliary side view. 

Note: Draw first the 1" plate in all views; show the 10" X 14" in top 
view with the 14" up and down 3 mur sheet. Then niak(' the auxiliary view, 
looking directly at the upright plate. The other views may now be com¬ 
pleted. 

Sheet 12-4 (Fig. 12h) 

From point a on tlu' ridge of a roof, the ridge runs north. A point b on 
the caves is 18' to the west, 12' to the south, and 10' below a. A point c on 
the eaves is 18' to the east, 17' south, and 
also 10' down from the point a. Connect 
the points b and c and also run the eav(\s 
north from b and c. A hip runs from a to 
b and from a to c. The connection Y is 24' 
directly east of a and 8' below a, A tee is 
located 18' to the west of a, 14' south of cr, 
and 3' below a. 

Draw the top view and the front view 
of this roof, and also an auxiliary view 
looking along the level line at the south 
end of the roof. Determine the point 
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where a pipe running straight from the Y to the tee will pierce the roof. 
Make the scale of your drawing dimension the roof. 

Sheet 12-5 

A wall and the edge of a platform are at right angles to one another. 
Make the line of the wall horizontal on your sheet. A symmetrical hopper 
9' peri^ndicular to the wall by 7' parallel to the wall is located with its 
neamst point 2' from the wall and 2-6" from the edge of the platfonn. The 
gate at the bottom, 5' below the top of the hopper, is located 3' above the 
floor and is 1' wide paralk'l to the wall and l'-8" pi'rpendicular to the wall. 

Draw front, top, and right side views at a scab' of 34^" = I'-O'; also the 
two auxiliaries, shovsing the true sizes of the sloping filah's. 

Select a point a on one of the intersections of the plates. Show this 
point a in all views as well as in the auxiliary. In each auxiliary, drop a 
perpendicular to the edge line from o until it hits the top line of the plate at 
the points b and c. Insert b and c in the top view where be will be shown in 
its true length, ab and ac are shown in the true lengths in the corresponding 
developments (auxiliary views). C’onstruet now a triangle with these 
three true lengths and you have the actual angle at a between the two plates 
which meet at that point. 

You have now reached the end of Lesson 12. A review at this period 
would be beneficial. 



LESSON 13 


THE DOUBLE AUXILIARY 

When a surface makes an oblique angle \’ith all directions of view, it is 
usual to solve by two auxiliary views one of vhich is a first auxiliary. The 



added view is called the “second auxiliary,” while the combined solution is 
termed the “double auxiliary.” The first step is to draw a level or horizontal 
line in the oblique surface. Any line in the surface perpendicular to the 
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direction of a view would do, but the level line is most convenient and we 
will use it. 

There are certain important facts that are true when the level line is 
used: 

If perpendiculars in space are dropped upon the level lino, they will 
appear to be perpendicular in the top view. 



Fig. 13?>.—Another solution of problem of Fig. 13a. 


The length of the level line and the parts into which it is divided are 
seen in their true size in the top view. The lengths of the perpendiculars 
to this level line are seen in their true size in a first auxiliary, looking parallel 
to the level line. 

In connection with Fig. 11a, we showed you how any view might be 
drawn if the coordinates of each point could be obtained. In this lesson, we 
have already shown you how each set of coordinates might be determined. 
We can obtain the lengths along a straight line and also the distances per¬ 
pendicular to them. 

Let us illustrate by an example: 

A square pyramid is cut by a skew plane to form the surface a6cd, as 
seen in Fig. 13a. It is required to draw a true view of the surface. 
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First draw the level line am (make it horizontal in front view, then pro¬ 
ject it to obtain actual location in top view). 

In the top view, draw perpendiculars to the level line am —from the 
point h to r, from d to 5 , and from c to Then ar, rs, and st are true dis¬ 
tances. 




Fig. 13c.—A complete solution. 

Construct the first auxiliary looking parallel to the level line. Opposite 
d on the top view and at a height above the base shown in the front view 
will be d as seen in the first auxiliary; similarly, 6, c, and the level line are 
located. Then 6r, ds, and ct are shown in their true size in this view. 

Locate the true view of the surface by selecting a position for the level 
line. The lengths ar, rs, and st are obtained by projecting them out perpen¬ 
dicularly from the top view. The distance of b from the level line on this 
last view is made equal to br on the first auxiliary and similarly for sd and ct. 
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The location of the first line on the second auxiliary, the level line, is 
determined merely by the desire to make a nice appearing drawing. 

The second auxiliary might have been put opposite the first auxiliary as 
is shown in Fig. 136. The important thing to consider is the convenience of 
the workman. Sometimes one and sometimes the other method is best. 
For this particular example, however, the position of Fig. 13a is better 
because then the workman sees more clearly where points in the second 
auxiliary view (this is the view from which he must work) belong. 

Sometimes it is desired to show the whole object as seen from a direction 
perpendicular to the skew surface. In such cases^ the same methods are 
merely continued as shown in Fig. 13c. 

Some prefer to consider both first and second auxiliaries as projections 
upon a plane. Then the plane for the first auxiliary is perpendicular to the 
level line, while the plane of projection for the second auxiliary is parallel to 
the skew surface. This method of working the problem is correct and may 
be used; it is, however, rather complicated and hard for most draftsmen to 
understand. 


REQUIRED WORK: LESSON 13 

Answer eight q\iestions, make two sketches, do the lettering, and draw one sheet. 

13-1. Define the double auxiliary. 

13-2. State briefly the principal operations neetjssary to draw the double auxiliary. 

13-3. Will the double auxiliary give the corre(;t value of the lengtli hd in the various 
figures? 

13-4. Will the double auxiliary show the true values of the angle dbd in the skew 
plane? 

Sheet 13-1 (Fig. 13c) 

13-5. What is the distance between trusses? 

13-6. State the greatest height of the truss. 

13-7. Determine the amount of the skew (the skew is the deviation of the trusses 
from a position oj)posite one another). 

13-8. What is the angle of skew? 

13-9. State the lines in the truss that are level. 

13-10. Are the top struts shown in their true length in the front view? (The top 
struts are members in the top parallel to the end of the bridge.) 

13-11. Answer the preceding (question for the top struts as seen in the top view. 

13-12. Are the angles at the X intersections in the top view shown in their true 
value? 

13-13. Will the lengths of the pipes in Sheet 13-2 be greater or less than the horizontal 
measurements? 

13-14. Will the area of the skew face of the 24" pipe in Sheet 13-3 be greater or less 
than the area of the cross-section? 

13-15. Would it make any difference in the area if the angle of 55° was measured 
from the vertical rather than the horizontal? 

13-16. Would the plates in Sheets 12-3 and 13-5 weigh the same? 
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Sketches 

13-17. 

13-18. Sketch the required views for Sheets 13-1,13-2,13-3,13-4, and 13-6, omitting 

13-19. the sheet that you draw. 

13-20. 

LETTERING 

Letter BOLT AND NUT as shown in Fig. 13d in vertical letters, also 
inclined letters. Make each 34" high, igh, and 34" high. 

LT AND NUT 

BOLT AND NUT 

Fig. 13c?. 

SHEETS 

All sheets are to be in ink upon detail paper and arc to bo dimensioned. 
Try to show clearly your nu^thod of operation, so you can understand it 
years later. 

Sheet 13-1 (Fig. 13e) 

Draw front and top view of half of this skew bridge and first and second 
auxiliaries of the oblique top faces. The scale is T-0". Give scaled 

lengths for diagonals and true scaled angles of diagonals with struts and 
top chords. 

Sheet 13-2 

A surveyor's notes contain the following data: 

'Note: A surveyor’s measurements arc taken in a horizontal plane: 

Elev. 

AB = 44 5 Angle ABC ^ 160°-30' A « 220 6 

Line deflects to the right as we go from A to B to 0 B ^ 188 4 

BC = 38 9 Angle BCD = 142°-10' C * 228 3 

Line deflects to the left as we go from B to C to D D = 245.6 

CD = 63 4 

Draw plan and front elevation and determine all lengths and both 
angles in space. Use a scale of = I'-O". 

‘Note: Draw a level line from the end of one line to the other line, pro¬ 
duced if necessary. Consider that these three lines form an oblique plane 
and solve as in the standard case. 


BO 
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Sheet 13-3 

A horizontal circular pipe 24" in diameter is cut so that a horizontal line 
at the end of the pipe makes an angle of 110° with the center line. The 
angle between this cutting plane and the horizontal is 55°. 

Draw plan, a vertical section of the pipe and the two auxiliaries so that 
the true area of the end of the pipe is known. Use a scale of 13^" = I'-O". 

Sheet 13-4 

Solve Sheet 13-3 again with the pipe octagonal and 24" in extreme 
diameter with one diagonal horizontal. 

Sheet 13-5 

Solve Sheet 12-3 with the plate which was vertical tilted to the left 
by 20°. 

This is the end of Lesson 13. Try to do as much as you can yourself. 
If you need help be sure that you understand just why everything is done. 




LESSON 14 


FURTHER USE OF THE DOUBLE AUXILIARY 

As tho direction of view in the second au iliary is square to the skew 
surface, it follows that we can get the graphical rno.^bure of any quantity in 
that area. Any angle and any distance is slu wn in its true size. Thus we 
may determine: 

The length of any line. 

The value of any angle. 

The area of any surface. 

The angle of the skew plane with the horizontal (from the first auxiliary). 

As a review, another problem will be inserted here. 

An octagonal prism, Fig. 14a, is cut by a skew plane so that three con¬ 
secutive edges have the lengths 3", 4", and 9". Find the actual area of the 
skew face. 

Draw the top view and the front view with the cut edges as stated. 
Then draw the level line 3" high in the front view and in the top view Next 
draw the base line perpendicular to the level line in tlie top view, and con¬ 
struct the first auxiliary. 

The three ordinates 3", 4", and 9" determine and check the location of 
the cutting plane in the first auxiliary. Finally, the second auxiliary is 
drawn beginning at the level line in the double auxiliary which was taken far 
enough away to leave room for the view. Each point was located opposite 
its position in the top view and as far away from the level line as is shown, 
in the first auxiliary. 

There are in all auxiliary views two kinds of problems. In the first, the 
object is complete in the ordinary views and an auxiliary view is to be made 
of the whole. In the second, the auxiliary view is used to complete the 
ordinary view. In other words, in the latter case the points are first located 
on the auxiliary and then projected back to the ordinary views. 

We may classify sheets in this and the preceding lessons as follows: 

Ordinary Views Complete Completion in Auxiliary Views 

11- l, 11-2, 11-3, 11-4 11-5 

12- 1, 12-2 12-3, 12-4, 12-5 

13- 1, 13 2, 13-3, 13-4 13-5 

14- 1, 14-2 14-3, 14-4, 14-5 
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We may repeat here what has already been said, that lines parallel in 
space appear to be parallel in every view. 




Looking horizonfally directly m front 
Fitr 14a —A truncated octagonal pi ism. 


'PENCIL CLOTH 

Pencil cloth in appearance and treatment much resembles tracing cloth. 
It must not be folded or crinkled and contact with water ruins it. It differs 
in that it does not require powdering and that the drawing is made directly 
upon the cloth in pencil. Under ordinary circumstances, the drawing is 
first made upon the cloth. 

The cloth is strong and durable; it will not tear like tracing paper. 
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LETTER SPACING 

The table gives the proportion that the width of the letter is to the 
height, also proportion to height of space needed on either side. The 
height for small letters is the total height of b, rf, and so forth. To get 
total distance between two letters add the corresponding spaces. Thus to 
get the distance between the A and T in AT, add the proportion for the 
right-hand space (R space) for /i and the proportion for the left-hand 
space (L space) in T and multiply by the height. In making AT 
high, A should be 1.00 X = 0.50^^ wide and thi .-jpacc between A and T 
should be (0.10 -f- .05)}^ = .08". TJtie tlu laiiK- values for inclined and 
vertical lettering. 


Letter 

Capitals 

Sxuail letters 

Num¬ 

ber 

L 

space 

Main 

num¬ 

ber 

1 R 

space 

L 

space 

Letter 

R 

space 

L 

space 

Letter 

R 

space 

A 

0.10 

1.00 

0.10 

0.12 

0.60 

0.18 

0 

0.15 

0.70 

0.15 

B 

0.30 

0.80 

0.20 

0.18 

0.60 

0.12 

1 

0.30 

0.05 

0.30 

C 

0.15 

0.80 

0.18 

0.12 

0.54 

0.12 

2 

0.18 

0.70 

0.20 

D 

0.30 

0.83 

0.15 

0 12 

0.60 

0.18 

3 

0.15 

0.75 

0.20 

E 

0.30 

0 83 

0.10 

0.12 

0.60 

0.12 

4 

0.10 

0.95 

0.15 

F 

0.30 

0.77 

0.10 

0.10 

0.54 

0.10 

5 

0.20 

0.77 

0.15 

G 

0.15 

0.80 

0.18 

0.12 

0.60 

0.18 

6 

0.15 

0.72 

0.18 

H 

0.30 

0.83 

0.30 

0.18 

0.55 

0.15 

7 

0.10 

0.70 

0.16 

I 

0.30 

0.05 

0.30 

0.18 

0 02 

0.18 

8 

0.20 

0.80 

0.20 

J 

0.05 

0.70 

0.27 

0.12 

0.30 

0.18 

9 

0.12 

0.72 

0.16 

K 

0.30 

0.90 

0.15 

0.18 

0 50 

0.12 





L 

0.30 

0.68 

0.05 

0.18 

0 02 

0.18 





M 

0.30 

1.00 

0.30 

0.18 

1.00 

0.18 





N 

0.30 

0 83 

0.30 

0.18 

0.54 

0.18 





O 

0.15 

0.83 

0.15 

0 12 

0.60 

0.12 





P 

0.30 

0.83 

0.05 

0.18 

0.60 

0.12 





Q 

0.15 

0.83 

0.15 

0.12 

' 0.60 

0.18 





R 

0.30 

0.83 

0.15 

0.18 

0.45 

0.10 





s 

0.18 

0.88 

0.12 

0.12 

0.52 

0.12 





T 

0.05 

1.00 

0.05 

0.10 

0.30 

0.10 





U 

0.27 

0.78 

0.27 

0.18 

0.54 

0.18 





V 

0.10 

1.00 

0.10 

0.10 

0.60 

0.10 





W 

0.15 

1.35 

0.15 

0.10 

0.95 

0.10 





X 

0.15 

1.00 

0.15 

0.12 

0.60 

0.12 





Y 

0.10 

1.00 

0.10 

0.10 

0.60 

0.10 





Z 

0.15 

[ 1.00 

0.15 

0.12 

0.60 

0.12 






The spacing between two words in capitals should be the R space for 
the last letter of the left-hand word, plus the height of the letters, plus the 
L space for the first letter of the right-hand word. For small letters, add the 
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height to the loop, about two-thirds of the total height, instead of the entire 
height. 

Thus in lettering ‘‘A Tee'^ in letters high, the distance between the 
A and the T should be (0.10 + 1.00 + .05)J^ = 0.57". 

For compressed lettering, lessen the widths of the letters and the spacing 
proportionately. For extended letters, increase the widths of the letters 
and the spacing proportionately. Thus all widths and spaces might be 
increased one quarter or, on the other hand, made 90% of those listed. 

Except in title or display lettering, one should not stop to compute 
letter sizes or spacing. However, it is valuable as suggesting to the student 
the way his work should appear. 

This is a rather short lesson; please use the opportunity to review thor¬ 
oughly, especially the auxiliary views. Try to understand this work and to 
know not only that the lines must be drawn a certain way but why they 
must be so drawn. 


REQUIRED WORK; LESSON 14 

Answer eight questions, make two sketches, do the lettering, and draw one sheet. 

14-1. In Fig. 13a, suppo^e that the true size of the upper sloping face is found by the 
first auxiliary, while the surface abed is found by the second auxiliary as shown. Will the 
two lengths of be as found be alike? 

14-2. Would two level lines drawn in a skew plane be parallel? 

14-3. If the tw'o level lines in the skew plane were viewed in the first auxiliary, 
would one sec the true distance between them? 

14-4. If two level lines were drawn in the skew plane, and shown in the second 
auxiliary, would they be parallel there? 

Sheet 14-1 (Fig. 14&) 

14-5. Which plate in the hopper will have the largest area? 

14-6. Which plate makes the greatest acute angle with the horizontal? 

14-7. Determine the shortest diagonal intersection line between the plates. 

Sheet 14-2 (Fig. 14d) 

14-8. Will the combined areas of the roof be more or less than the area of the top 
view? 

14-9. At the intersection of planes A and B there arc two angles between eaves and 
hip as seen in plan. Which is the larger? 

14-10. The intersection between planes A and B (the hip) will appear in the develop¬ 
ment of A and the development of B. Will the two lengths be alike? 

Sheet 14-4 (Fig. 14/) 

14-11. If the brace were at the top of the flag pole, would its length be increased or 
decreased? 

14-12. Which side of the roof is the steeper, the 16' or the 20' side? 

14-13. Which hip will be most sharply pitched? (Will have the largest angle with 
the horizontal?) 
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Sheet 14-5 (Fig. 14^) 

14-14. Which hip is the longer, ah or acf 

14-15. Which hip makes the larger angle with the horizontal? 

14-16. Should half of the lines of the skylight be parallel to the eaves? 

Sketches 

14-17, 14-18, 14-19, 14-20. Sketch the required views for sheets 14-1, 14-2, 14-3, 
14-4, and 14-5, omitting the sheet that you draw. 

LETTERING 

Letter in capitals. 

SYM. ABT. THIS LINE 

The first S is to be 50% highvT than the other letters. Use the lettering 
table to make the first copy in vertical and inclined lettering in which all 
letters except the first are 34" high. Then copy these as nearly as you can 
by eye, first and then high for everything but the first S. 

SHEETS 

All sheets are to be in pencil upon pencil cloth and are to be dimensioned. 
The fact that your drawing is made in pencil must not prevent you from 
making a neat and carefully lettered drawing. As far as possible, space the 
views so as to avoid interferences and to keep all work within the border 
lines. 

Sheet 14-1 (Fig. 146) 

A skew hopper is shown in Fig. 146. Draw top, front, and right side 
views at a scale of = I'-O"; it will be advisable to omit a little of the 
left-hand corner of the side view in order to obtain plenty of room. Con¬ 
struct the first auxiliaries for the two skew sides and then develop all sides 
by revolving them as shown in Fig. 14c. However, the dimensions are still 
those determined by the double auxiliary; in fact the revolved view is 
really a double auxiliary. The reason for this position is that it makes very 
clear to all users of the drawing just where the development belongs. 

When an area is revolved in plan about a level line, all points travel 
perpendicularly to the level line. This might have been reasoned out from 
the construction of the second auxiliary. However, it will do no harm if 
the fact is emphasized that both methods of procedure bring the same final 
result. 

Sheet 14-2 (Fig. 14d) 

In Fig. 14£i is shown the plan of a hip roof with the beginnings of the 
hips. Copy this at a scale of 3^" = I'-O". Then draw the first auxiliaries 
for each section of the roof. We have one point on this first auxiliary, the 
eaves, which is best to take as the base. The bevels as stated in Fig. 14d 
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give us the angles of inclination. For example, if the inclination is 8" 
vertical to 12" horizontal, lay off on the base 12 units, say, 12 quarter inches 
or 3" horizontally, and 8 quarter inches or 2" vertically. 

It will be necessary to determine the hip lines in order to solve this 
problem. To do this, first find as in Fig. 14e the points in the first auxiliary 
5 feet (any convenient distance can be used) above the base as is shown at 
one point, thus determining the line ah. In a similar way from the first 
auxiliaries the lines be, cd, and ad are located. Then the intersection of 
these dotted lines are points on the nearby hips. 

Make the second auxiliaries as in the preceding plate, see Fig. 14c, by 
rotating the roof areas about the eave lines. 

Sheet 14-3 


A mining engineer's notes read as follows: 



Course 

Distance 

Pt. 

Elev. Ground 

Elev. Top of Vein 

ah 

S 21'’-SO' E 

400 0 

a 


600.0 

be 

Due West 

600 0 

b 


150.0 

cd 

N 78°-15' E 

465.0 

c 


500.0 


d 700.0 


Make north the top of the sheet. 

The strike is the bearing of a level line in the surface of the vein. 

The dip is the angle of the vein from the horizontal measured perpen¬ 
dicular to the level line. 

The shortest distance from d to th(' plane will be perpendicular to the 
level line in the top view and perpendicular to the plane in the first auxiliary. 

[ Scale 1" = 200' 

Place this information on drawing ! Coal weighs 85 lb. per cubic foot. 

(Strata 6' thick perpendicular to vein. 

Please print the following on your sheet with answers obtained by you: 

Strike 

Dip 

Short tons (2000 lb.) of coal in ahe 

Cost vertical shaft at d to top of coal ($15 per lineal ft.)- 

Cost of inclined shaft at d to top of coal, made perpendicular to vein ($20 per 
lineal ft.)- 

Shortest distance between ac and perpendicular shaft- 

Bearing of perpendicular shaft- 

Angle between perpendicular shaft and horizontal plane- 

A variation from correct results in angle of over 1°, in distance of 20 feet, 
in cost $500, in tonnage of 100, will be sufficient cause for the rejection of 
this plate. 
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Sheet 14-4 (Fig. 14/) 


In Fig. 14/ is shown a plan and a front view of a part of a roof. Please 
copy these drawings at a scale of I'-O" and add a first and second 

auxiliary of the skew portion of the roof. The exact location of the strut 
can be obtained only by your auxiliaries. 

The following information is required; it should be lettered with the 


answers in your drawing: 

Length inclined cave line..feet 

Length short hip..feet 

Length long hip . .. ...-feet 

True angle between inclined caves and short hip..- 

True angle between inclined caves and long hip.. .- 

Area skew portion of the roof..sq. ft. 

Length of the pole strut (perpendicular to roof).-feet 

Angle between the strut and the pole.. 



Fig. 14/.—Part of a roof. 


Fig. 14^.—Part of a roof with a 
skylight. 


Sheet 14-5 (Fig. 14gr) 


In Fig. 14g there is shown the plan and front view of a part of a roof. 
Copy these two views at a scale of Ke'' = I'-O". It is desirable to add a 
skylight 4'-0" X 4'-0" X 2'-0" high, pierpendicular to the roof with one 
side parallel to the nearest eaves, distant 3 feet in the clear. Draw first and 
second auxiliary, put the skylight on these two views, and then from this 
data place the skylight upon the plan and front view in its proper position. 

It is better here if the second auxiliary is placed opposite the first. 

This is the end of Lesson 14. It has been a hard lesson but a mastery of 
its principles is essential if one wishes to do advanced design. 










LESSON 15 


THE LINE VIEW 

The line view is really a special case of the double auxiliary. However, 
instead of looking squarely at a surface, we look along a line, and to get 
the necessary quantities for the view along the line we must also look 
squarely at it. Or, in other words, we must project the line upon a plane 



perpendicular to it and also parallel to it. These views or projections in 
many ways are similar to those in the two preceding lessons. 

There are three practical reasons for the use of the line view: 

All dimensions perpendicular to the line are shown in their true size. 

All angles between planes for which the line is the intersection are shown 
in their actual size. 

The view along the center line of a pipe or similar object shows a section 
of the object in its true size and shape. 

Let us now consider a pyramid with a rectangular base as shown in Fig. 
15a. It is required to find the angle between the faces at the hip lines, 
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oa, obj oCj and od. As they are all alike, we will merely find the angle at one 
of them, oc. 

The first step is to draw at some point a level line through the line oc. 
Then construct a single auxiliary view, looking always parallel to the level 
line. This is shown between the top and front views. Note that the angle 
ocb in the first auxiliary is the angle between the hip and the horizontal. 



Fia. 15Z).—Another method of getting a line view. 


It is required to get the angle between the planes boc and doc. Then in 
addition to the line, we must show a point in each adjac(mt plane; we have 
chosen b and m as such points. To locate them in the first auxiliary, note 
that they are points in the eaves and hence must be shown at the level of the 
eaves. 

The direction of the view in the two auxiliaries is shown by the arrows. 
In the first auxiliary m will be a distance mn below the line; this is the real 
distance and hence must appear on the second auxiliary; m will then be 
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opposite TO in the top view and located a distance mn below the level line in 
the second auxiliary. The point b is located similarly. Then the angle mob 
is the required angle between the planes boc and doc. ' 

The location of the base line for the first auxiliary and the level line for 
the second auxiliary is determined merely by the necessity of keeping the 
views a proper distance apart. 




Figure 156 shows the second auxiliary placed opposite the first auxil¬ 
iary. This last-named treatment may be employed but it does not seem 
so clear to the workman. In Fig. 15c we have added dotted lines showing 
another complete object in a line view. 
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REQUIRED WORK: LESSON 15 

Answer eight questions, make two sketches, do the lettering, and draw one sheet. 

15-1. Explain the line view. 

15-2. How can one see the true size of the angle between two planes? 

15-3. Why is it true that the cross section is correctly shown when one looks along 
the center line? 

15-4. Two lines are perpendicular in space. How must the view be taken to show 
one of them in its true size? 

15-5. Is the height of the pyramid shown at its true size in the first auxiliary? 

15-6. Is this height shown in its true size in the second auxiliary? 

15-7. Will all angles between the hips and the horizontal be alike? 

15-8. Is oc in the top view the true length of the hip? 

15-9. How would you get the true value of the angle aod/ 

15-10. Would the answer be changed in Fig. 15a if points other than h and m are 
taken in the two adjacent eaves? 

15-11. Is it allowable in obtaining angle at oc to take points in the eaves of the faces 
oad and oab? 

15-12. Will the sum of the angles in the faces of the pyramid at o be more or less than 
360°? 

15-13. By changing the height of the pyramid, the values of the angles between the 
faces can be changed. What are the limiting values of these angles? 

15-14. In the roof surface of ahe, a point not in the eaves Vnit in the face ahe is 
known and is used in the solution. Outline how it will be projected and measured. 

15-15. Would the answer then be correct? 

15-16. State relative value of the two angles between the planes at the two lower hips. 

Sketches 

15-17, 15-18, 15-19, 15-20. Sketch the required views for sheets 15-1, 15-2, 15-3, 
15-4, and 15-5, omitting the sheet that you draw. 

LETTERING 

Letter in capitals and small letters. 

PAINT RED LEAD 

The first letter in each word is to be in caps; other letters should be 
lower case. Use the lettering table in Lesson 14 to make the first copy in 
vertical and inclined lettering, in which first letters and h, rf, etc., are 34'^ 
high. Then copy these as nearly as you can by eye, first high, then 

high. 

SHEETS 

All sheets are to be in pencil on pencil cloth and arc to be dimensioned. 
Be careful to show clearly just how each quantity is obtained. 
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Sheet 15-1 

A masonry footing is symmetrical about two vertical planes. The lower 
portion is 4'-0" X 6'-0" X I'-O" high. From this it slopes to a top 3'-0" 
higher, which is l'-4" X 2'-0". The 4'-0" dimension slopes to l'-4" and 
the 6'-0" to 2'-0". 

Draw first and second auxiliaries, both complete, looking along a sloping 
edge line. Scale = I'-O". 

Sheet 16-2 

A mine surveyor's notes contain the following information: 



North 

East 

Elev. 

A 

2754.2 

1755.8 

1204.0 

B 

2836.3 

1831.2 

1173.6 

C 

2877.4 

1817.4 

1208.7 

D 

2858.0 

1750.0 

1187.0 


Plot at a scale of I'-O", find the shortest distance between AC 

and BD, and plot this shortest distance. 

Select a certain spot on your drawing and call this, let us say. North 
2800 and East 1800. Then you can readily plot the points A, JS, C, and D, 
calling north the top of the sheet. Also select below, a certain line as Ele¬ 
vation 1200. Then the front view is readily made. 

The shortest distance between two lines must be perpendicular to each. 
Hence if we draw a line view of either AC or BD, the shortest distance will 
appear as a perpendicular from the other line to the line that shows as a 
point. Draw then the first and second auxiliaries of AC, resulting in a view 
which shows AC as a point. The perpendicular from this point to BD 
represents the desired distance. 

Let F represent the BD end of the perpendicular. This can readily be 
projected back to BD in plan, front view, and first auxiliary. The other end 
E may be located in the first auxiliary in which EF is perpendicular to AC., 
(A perpendicular let fall to a line at which you are looking squarely always 
appears as a perpendicular.) 

Sheet 15-3 (Fig. 15d) 

In the roof as shown in Fig. 15d, let cn be north. Then 6 is 12 feet south 
of, 18' west of, and 10 feet below a, c is 17' south of, 18' cast of and 10' 
below a. Find the angle on the line oc between the two adjacent roof areas. 
Scale 3^6^'= I'-O". Copy cut; draw front view, top view, and the two 
auxiliaries. 
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Sheet 15-4 (Fig. 15e) 

Figure 15c shows a hopper with the center of a rectangular enclosed 
chute connecting to it. The sides of the chute are vertical. 

Draw at a scale of = I'-O" top and front view of hopper and chute 
combined, and first and second auxiliaries of chute alone. 

Draw top and front view, including in each the center line of the chute. 
Then construct the first and second auxiliary in the usual manner. In the 
latter, the view of the line will be of course a point. Construct about this 
point as a center the section, a rectangular area 12" X 24" with the 12" 
parallel to the base of the first auxiliary. In the first auxiliary, looking 
always parallel to a h'vel line, the height of the chute will be, of course, 12"; 
also the length will be shown there in its true size. Now the lower end of 
the chute can be projected from the front v'ew to the top view and thence 
to the first auxiliary. The sides of the chute are parallel to the center line in 
space; hence, they must be parallel in all views. 

Sheet 15-5 

Beneath the hopper of Sheet 12-5 Is a valve 8'-0" from the wall, 12'-0" 
from the edge of the platform, and I'-O" above the floor and also a cap 
lO'-O" from the wall, 5'-0" from the edge of the platform, and 5'-0" above 
the floor. 

Find the shortest di.stance between the hopper and a straight pipe 
connecting with the valve. Draw a line view of the valley in the hopper 
which is nearest the pipe. In this the perpendicular to the pipe between 
the pipe and the valley is the correct answer. 

The scale is = 1-0". 

This is the end of Lesson 15 and of the important subject of auxiliaries. 
It is an excellent time for another review. 



LESSON 16 


SIMPLE REVOLUTION 

In revolution, the observer keeps the usual viewpoints but the object 
itself is turned. Sinyile revolution will consider only three directions for 
the axis of rotation; 

Vertical. 

Directly front to back called the front axis. 

Perpendicular to the other two called the side axis. 

When an object is revolved about a vertical axis, the top view is turned 
through the given angle without other change. If desired, one may make a 


' / 
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tracing of the old view, turn through th(' required angle and then copy. In 
both the front and the side view the heights will not be altered by the revo¬ 
lution and distances horizontally are determined by the usual rules of pro¬ 
jection. In Fig. 16a the object in the original position is shown by full 
lines while the revolved portion is indicated by light dotted lines. 

When an object is revolved about a front axis, the front view is turned 
through the given angle without other change. In the top view the points 
stay the same distance from the front but are moved horizontally to remain 
over the corresponding points in the revolved front view. In the side view 
the points still stay the same distance from the front but are opposite their 
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position in the revolved front view. The object revolved about a vertical 
axis in Fig. 16a is revolved about a front axis in Fig. 166. 

When an object is revolved about a side axis, the side view is turned 
through the given angle without other change. In the front view all points 




Fig. !()/>.— Object in Fig. 16a revolved again. 


remain in the same vertical line as formerly, but horizontally opposite the 
revolved position as shown in the side view. Likewise in the top view 
objects do not move horizontally, their position front or back being made to 
correspond with the revolved side view. The object we have revolved twice 
about other axes is shown in Fig, 16c, revolved about a side axis. 




Fig. 16 c. —Object of Fig. 16a revolved again. 


As will be seen the views are different for different directions of the axis 
of rotation but they follow the same rules whatever the position of the 
center may be. Also views vary somewhat with the amount of rotation, 
even for the same direction of the axis. 
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Lettering the corners will assist in working out this type of problem. 
However, it tends to get you in the habit of revolving letters rather than 
objects and it tends to mechanize the work. You may be helped a great 
deal by the fact that lines connecting in space connect in each view, and 
lines parallel in space are likewise parallel in each view. 

The work in revolution should be compared with that in auxiliary views. 
The two arc much alike: in the auxiliary, we move our viewpoint; in revo¬ 
lution, we move the object. In both cases, we are looking squarely at the 
skew face for which we need measurements. Simple revolution in particu¬ 
lar is quite similar to the first auxiliary. 

REQUIRED WORK: LESSON 16 

Answer eight questions, make two sketches, do the lettering, and draw one sheet. 

16-1. About w'hat axes may simple revolution occur? 

16-2. Compare the single auxiliary with simple revolution. 

16-3. When an object is revolved about a vertical axis, what change occurs in the 
front view? 

16-4. An object is turned about a side axis; state the changes in the top view. 

Sheet 16-1 

16-5. Suppose the lot was 200 feet long rather than 180 and other quantities were 
unchanged. What per cent would this increase the amount of coal? 

16-6. How would the amount of the coal be affected if the strike were changed? 

Sheet 16-2 

16-7. Would a circular chimney of 7'-0" external diameter cut out more or less area? 

16-8. If the pitch of the roof were 45° instead of 30° would the hole be larger or 
smaller? 

16-9. Does the distance of the chimney from the caves affect the answer to the 
preceding question? 

Sheet 16-3 (Fig. 16d) 

16-10. Obtain the approximate length of the belt. 

16-11. State angle (so many inches vertical to 12" horizontal) of inclination of the 
center line of pulleys to the horizontal. 

Sheet 16-4 (Fig. 16e) 

16-12. How long are the legs of this table? 

16-13. If the braces for the legs arc merely nailed, what is their length on the short 
side? 

16-14. Write the order for the lumber for this table. 

Sheet 16-5 

16-15. Which two sides of the truncated pyramid will have the higher point? 

16-16. Which is the longest, oa, or oc? 
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Sketches 

16-17, 16-18, 16-19, 16-20. Sketch the required views for Sheets 16-1, 16-2, 16-3, 
16-4, and 16-6, omitting the sheet that you draw. 

LETTERING 

Letter iii capitals both vertical and inclined. 

RED RIVER BRIl GE 

Make in extended lettering, that is, spread out. Increase the width 
and spaces of all letters (except J) b\ 25%. Do this for the height 
and then copy as closely as you can for the heights of and 3^". 

SHEETS 

All sheets are to be in pi ncil upon vellum. 

Sheet 16-1 

A rectangular lot is 64 by 180 feet and is underlain by anthracite coal 
5 feet thick weighing 96 lb. per cu. ft. The strike N 42° W makes an angle 
of 60° with the length of the propt'rty, and the dip is 22°-30'. How much 
coal is there in tons of 2240 lb.? Scale 1" = 32'-0". 

Note: The strike is th(‘ angh' of a level line. 

The dip is the diedral angle between the vein and the horizontal. 

Draw area as the front view with the strike horizontal and show the dip 
in side view. Then rotate lot through dip to get the real area of vein. 

Sheet 16-2 

An octagonal chimney is 5'-0" in inside diameter between fiats; the 
brickwork is 12" thick. Obtain the true size of the hole in a roof necessary 
for this chimney if the pitch of the roof running in the direction of the flat 
sides of the chimney is 30° with the horizontal. Consider that the strip of 
the roof is 5 feet to one side of the center of the chimney and 6 feet to the 
other side. Locate the center of the chimney 6'-6" from the edge of the 
building and 8'-0" from the edge of the roof. Scale 34^^ = I'-O". 

Draw the plan and th(‘ front view; revolve the hole so that its true size 
is seen in the revolved top view. 

Sheet 16-3 (Fig. 16d) 

A 16" diameter pulley is connected to a 48" diameter pulley by a con¬ 
tinuous belt. The pulleys are 21'-0" apart horizontally and the larger 
pulley is 8'-0" above the smaller. 

Draw top and front view with the plane of pulleys perpendicular to the 
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front view. Then revolve the top view 20° and draw the corresponding 
front view. Scale = I'-O". 



-- 2!'- 0" - 

I. 


SB b'-i 




H-• 



Sheet 16-4 (Fig. 16e) 

In the upper part of the drawing, copy the three views of the table shown 
in Fig. 16e. In the lower part, draw the same views when top view is 

revolved 30° clockwise. The scale is 
3^" == I'-o". 

Sheet 16-5 

The truncated pyramid oabc has a 
base abc which is a right triangle. The 
leg ab is 24" and he is 20". Before the 
vertex was cut away, it was 18" verti¬ 
cally above the base at a point *7" from 
ah and 6" from he. The line oa is cut off 
at a height of 14"; oh at 13"; and oc at 
10". Draw front, top, and right side 
views at a scale IJ^" = I'-O". 

Next revolve the sides oab, obe, and 
oac as has been done in Sheet 14-2 and 
as illustrated in Fig. 14c. This method 
is really more revolution than auxiliary. The slant height of the various 
points in oab and obc can be obtained from front or side views. For the 
face oae we may use the fact that the length oa is in its true length in 
every development in which it is shown; hence, it must be equal in both. 
The same reasoning applies, of course, in the case of oc. 

We have now reached the end of Lesson 16. Further developments in 
revolution will be taken up in the next lesson. 






LESSON 17 


DOUBLE REVOLUTION 

A line in any direction can be revolved to any other direction in two 
simple revolutions. For example, the first direction may be turned in plan 
until it is above or below the second. Tiien a turn in the side view causes 
the two directions to coincide. This combined operation is called a double 
revolution. In this way we can turn an> surface, no matter what oblique 
angle the surface originally made with the usual direction of view, so that 
the surface is seen in its true size in some view. 

The methods used are the same as in the preceding lesson, only they are 
applied twice. For example, in Fig. 17a are shown the top view, the front 




view, the right side view, and a pictorial drawing of a notched block. Figure 
176 shows the same views of the same block when the top view has been 
rotated clockwise 15°. Follow this through carefully as a review of Lesson 
16. Then, in Fig. 17c, the front view of Fig. 176 is rotated clockwise 16° and 
the other views changed accordingly. This is now a double revolution. 

Finally let the right side view in Fig. 176 be rotated clockwise 15° and 
the other views changed to correspond and we have the views shown in 
Fig. 17d. 

Let us now take the same block and the same views as shown in Fig. 17c 
and let it be required to revolve the block so that we are looking along the 
line ab. 
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Fig. \7h .—Tho block of Fig. 17a once revolved. 





Fig. 17c. —The block of Fig. 17a t\\ico revolved. 





Fig. 17d.—The block of Fig. 17a twice revolved. 
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First, as shown in Fig. 17/, revolve the block so that a and b are in the 
same vertical line in the plan; then draw the corresponding views. Next 




revolve the side view taken from Fig. 17/ so that a and b are the same height. 
Then in the front view of Fig. llg^ we have the required view with a and b 
in line; ab is now in its true length in top and side views. 

In revolution it is usually required to show some face in its true size. 
Time can then be saved by dealing only with that face. For example, the 



Fig. 17/.—The block of Figs. 17a and 17e once revolved. 


true size of the skew face of the truncated prism in Fig. 17h can be obtained 
by determining the real size of the triangle shown by the three views in 
Fig. 17i as abc. 
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Next, let us locate the level line am and revolve the triangle abc in the 
top view until am is horizontal as in Fig. 17j. In the front and the side 
views, points will still be in the same horizontal line but their positions to 
the right or left will be changed to correspond with the altered top view. 

a _ c m b 


I 



Fig. V7j .—The skew face once revolved. 


Finally, turn the right side view in Fig. VIj so it is upright as in Fig. 17fc. 
The side view will not be changed except for its rotation. The points in the 
front and top will not move to the right or left, but their position up and 
down the sheet will be changed to correspond to the altered side view. 
Then the corresponding front view is the true size of the area, abc. 




Fig. V7k ,—The skew face twice revolved. 


So far as the writer knows, all industrial problems in drawing may be 
solved by auxiliary views and also by revolution. Usually a double revo¬ 
lution is enough even in complicated cases. 
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REQUIRED WORK: LESSON 17 

Answer eight questions, make two sketches, do the lettering, and draw one sheet. 
17-1. Define double revolution. 

17-2. A level line going N 10° E is to be revolved until it has a direction of N 10° W 
and an elevation of 45°. How would you revolve it? 

17-3. Will the order in which the views are revolved have any effect on the final 
result if the angles are unchanged? 

17-4. Compare auxiliary views with revolutions. 

Sheet 17-1 

17-5. Compute the contents of this footing in cubic feet. 

Note: The volume of a pyramid is equal to the area of the base times one-third of 
the altitude. The volume ot a truncated pyramid ctiuals the volume of the original 
pyramid minus the volume ol tlu' part cut away. 

Sheet 17-2 (Fig. YJo) 

17-6. What is the value of the four reentrant angles in this V block? 

17-7. Compute the area ot the cross section. 

Note: This is most easily done by finding the area of the whole and subtracting the 
areas of the four V^s. 

Sheet 17-3 (Fig. 17p) 

17-8. How far is it m the clear between the wedge-shaped sufiports? 

17-9. Compute the area of the cross section between supports. 

Sheet 17-4 (Fig. V7q) 

17-10. What size rivets are used here? 

Note: The common sizes are '^ 2 !', /s", Js", etc. 

17-11. Compute the weight of this angle. 

Note: Steel weighs 0.28 lb. per cu. in. 

Sheet 17-5 (Fig. 17r) 

17-12. Which hip will be longer, ac or ah! 

Indicate the solution by revolution to obtain the following required quantities: 
17-13. The angle between the two pipes shown in Fig. 17^. 
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17-14. The point where the center of a stay goes through a roof in Fig. 17m. 
17-15. The angle nmo in the sloping roof of Fig. 17m, 

17-16. The shortest distance between two electric wires, Fig. 17n. 



Fig. 17m.—A stay passing Fig. 17n.—Two electric wires, 

through a loof. 


Sketches 

Sketch the solutions for 

17-17. 17-13. 

17-18. 17-14. 

17-19. 17-15. 

17-20. 17-16. 

LETTERING 

Letter ^^Must not exceed 2" in small letters, both vertical and inclined. 
Decrease the width of the letters and the spacing betwetm letters by 20%. 
Do this according to the table in Ix'sson 14 for the 34" height, then copy 
it as closely as 3^011 can for letters and 34^' high. These heights refer 
to capital letters and those like h and d. 


SHEETS 

All sheets are to be in pencil upon vellum. When a view is to be turned, 
copy it car(*fully on a small piece of vellum and then place underneath your 
finished sheet, being careful to turn through the required angle. 

Sheet 17-1 

The base of a footing is 6 feet east and west, 4 feet north and south, and 
12" high. From the top of this base it slope's gradually until at an elevation 
3 feet higher the top is 2 feet east and west and l'-4" north and south. Scale 
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= I'-O". Letter the northwest corner a at the top of the 12" base and h 
at the extreme top. 

Draw front, top, and right side views. 

On these views draw in light dotted lines the same three views when ah 
is made north and south in plan. 

Below draw front and right side views where ah is made horizontal as 
well as north and south. 

Omit dimensions. 

Sheet 17-2 (Fig. 17o) 

In Fig. 17o is shown the top front and right side views of a V block. 



Fig. 17o.—a V block. 


First copy views as shown with dimensions at a scale of 6" == I'-O". 
Then turn top view 15° counter-clockwise and draw the other two views. 
Finally turn the latter side view 15° clockwivse and draw the other two views. 

Sheet 17-3 (Fig. 17p) 

In Fig. Yip is shown the top, front, and right side vi(‘W of a bracket. 



Fig. 17p.— A bracket. 


First copy views as shown with dimensions. The scale is 1^" = I'-O". 
Then turn top view counter-clockwise 30° and draw the other two views 
without dimensions. Finally turn the right side view 30° clockwise and 
copy the other two views without dimensions. 
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Sheet 17-4 (Fig. I 75 ) 

In Fig. 17g is drawn the front, top, and right side view of an angle. 
First copy views as shown at a scale of = I'-O". Dimensions arc 
to be inserted for these three views only. Then turn top view clockwise 30® 
and draw the two other views to correspond. 






Finally turn the latter right side view 30° clockwise and draw the two 
other views to correspond. 

Sheet 17-5 (Fig. 17r) 

In Fig. 17r are shown three views of a skew hip roof. Copy this at a 
scale of Jie" = I'-O". Dimension only this view. 



Turn in two revolutions so that ca becomes a point. When this has been 
done the view of the roof along a hip shows the true size of the angle be¬ 
tween the two adjacent planes. 

This is the end of Lesson 17. It is hoped that you now understand 
revolution so that you can solve many practical problems by its use. 



LESSON 18 


OBLIQUE DRAWINGS 

In the oblique drawing, the front view is made exactly the same as in 
orthographic views. However, instead of showing depths on another view, 
we indicate them on the same view along inclined lines. For example, let it 
be required to make an oblique drawing of the object indicated by its three 
orthographic views in Figs. 18a, 186, and 18r. Lay out first a'6'c'c?'e'/', 
making it the same as ahedef in Fig. 186. Wc next choose the angle at 


fj k. / 



which the depths are shown; the angle is often mad(‘ 45 degrees with the 
horizontal and we will use that value here. The length — b'h' is made 
equal to ag and laid out along these 45-degree lines. The points on the 
lower portion are now laid off, d'k^ = e'V = /'/ = ai on Fig. 18d. The 
drawing may now be readily completed. 

There are a numl^er of important principles: 

Vertical lines arc drawn vertically. 

Lines that are parallel in the object are parallel in the oblique. 

Distances and angles in the front plane or planes parallel to it are 
shown in their true size. If the drawing has been made at a reduced size, 
the angles are still at their actual value, while the length of any line is 
reduced in the same proportion. In other words, we use the same methods 

1.72 
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in constructing a face in one of these planes that we employ in making the 
orthographic view of that same face. 

Distances perpendicular to the front plane are shown in their true (or 
proportional) size along the diagonal lines. 

Suppose, now, that it is required to make an oblique drawing of a rec¬ 
tangular solid with its back cut off at an angle of 35 degrees with the base, 
that is, 55 degrees with the vertical. Make first an oblique drawing of the 
block as though it were solid as in Fig. 18c. Next, using the vertical height, 
a6, as a leg, lay out the right triangle a6c, making the angle 6ac equal to 
55 degrees. Then be equals the offset perpendicular to the back face and 
it is laid off from b to d. 

If there is a circle in the face that is shown in the front view or a face 
parallel to it, proceed as in orthographic projection. 



Fig. 18e. Fia. 18^. Fig. 18^. Fig. 18i. 


If a circle is in a side face, we first “box” the circle. That is, in the 
orthographic view, we draw horizontal and vertical lines around the circle, 
“boxing” it in. For example, let us consider the block shown in its ortho¬ 
graphic views in Figs. 18/, ISg, and 18/i. Here Fig. 18A shows the circle 
with its boxing. Then, as in Fig. 18z, draw the oblique view of the solid 
including the boxing lines. Finally draw a curved line so that it is tangent 
to (just touches) the boxing lines at the center of each of those lines. The 
boxing lines should now be removed. 

The methods given hold only for angles and circles seen in their true size 
in one of the side views. For angles and circles that are seen obliquely or 
for irregular curves, select important points; two are enough for a fine, but 
several are needed for a curve. Then for each point, with respect to a 
selected reference point: 

Determine: Lay off: 

Its distance up or down. That distance as in an ordinary view. 

Its distance to the right or left. That distance as in an ordinary view. 

Its distance front or back. That distance front or back along the 

chosen angle. 
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It might seem that these instructions were not needed for sketching. 
However, they will be found quite valuable. There are many lines that will 
not look right until the student has taken the pains to establish points by 
the method indicated. It is true that distances will have to be estimated, 
but these distances can be estimated far better than can certain angles 
and curvatures. 

The angle at which depths are shown may be 30°, 45°, 60°, or any de¬ 
sired value. The depths may extend above to the right, above to the left, 
below to the right, or below to the left. Wh(m an angle is below, it shows 
the bottom of the object; a drawing made this way is said to have ^^re- 
versed axes.^' 

Any face can be chosen for a front view; usually the most complicated 
one is selected because it makes the work much easier. Thus, if Fig. ISh 
had been chosen as a front, it could have been drawn much more quickly 
because then the hole would have been represented by a true circle. How¬ 
ever, the principal idea in selecting both the front and the angk' is to choose 
them so that the object is shown to the best possible advantage. 

An oblique drawing may be scaled only in its front face, in faces parallel 
to it, or in depths parallel to the chosen angle. 

In dimensioning an object in the oblique, we follow in general the rules 
for orthographic drawings. Extra caution is necessary to show just what 
the limits are. If practicable, place the extension lines in the prolongation 
of lines on the drawing. The guide lines for the lettering should be parallel 
to the corresponding dimension line, and the slope of the numbers should be 
parallel to the corresponding extension lines. 

Oblique drawings are excellent in giving an idea of what an object is 
like. However, they are not as easy to read ('\actl 3 '’, and there is gr(‘at 
danger that the dimensions may be misunderstood. 


REQUIRED WORK: LESSON 18 

Answer eight questions, make two sketches, do the lettering, and draw one sheet. 

18-1. What is the principal difference between orthographic views and oblique 
views? 

18-2. How is a circle drawn that is in the front plane? 

18-3. How IS a circle drawn that is in the side plane? 

18-4. Explain how an angle in the side plane is laid out. 

Sheet 18-1 (Fig. 18A:) 

18-5. If the smaller pulley is making 280 RPM, how many RPM (revolutions per 
minute) is the larger pulley making when the belt is placed as shown? 

18-6. Answer question 18-5 if belt is shifted to the largest diameter on the lower 
pulley and the smallest diameter on the upper pulley. 

18-7. What should be the length of this belt? 
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Sheet 18-3 (Fig. ISl) 

18-8. How many diagonals are there in the four aides of this tower? 

18-9. State the length of the horizontal members in the sides 28 feet up. 
18-10. What is the length of the member cc7 

Sheet 18-4 

18-11. How is the tool held in the tool holder? 

18-12. State the distance apart c/c of the two set screw 
18-13. Could a tool whose cross section was Jie" square be used? 

Sheet 18-5 (Fig. 6;) 

18-14. What fixture is used at the given numbers: 4? 

18-15, 10? 

18-16. 12? 

Sketches 

Sketch an oblique view of the object shown in: 

18-17. Fig 7h. 

18-18. Fig. 13a. 

18-19. Fig. iOj. Omit marks. Show entire bridge. 

18-20. Fig. lOd. Show both right and left girders. 


LETTERING 

Copy the bill of material shown in Fig. 18j and also work the same out in 
vertical letters. 


BLL OF MATERIAL 

FOR PIPE VISE 

Pee 

Name 

0 

Material 

B 

BASS 

i 

M S 

y 

YOKE 

/ 

ST DROP FORG 

D 

DOG 

/ 

ST DROP FORG 

sc 

scREiv n THD pen in 

/ 

STEEL 

H 

HANDLE 

/ 

STEEL 

SI 

senew IB THD pen n 

B 

STEEL 

SB 

SCREW BO THD PER IN 

B 

STEEL 

S3 

SCREW IBTHD PER 

3 

STEEL 

S4 

SCREW BOTHD PER 

B 

STEEL 

Jt 

JAW 

/ 

HARD TOOL ST 

\ 

JAW 

/ 

HARD TOO! ST 

JH 

JAW HOLDER 

B 

ST DROP FORG 


Fig. 18 y. 
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SHEETS 

All sheets are in ink upon tracing cloth. 

Sheet 18-1 (Fig. 18fc) 

Make an oblique drawing of this belt with its two pulleys. It is much 
easier and clearer if you keep the planes of the pulleys parallel to the front 
face. Scale 1" = I'-O". 



Sheet 18-2 

Place an oblique drawing of the guyed tierrick of Sheet 12-2 in the upper 
part of your sheet. Scale 1" = 32'-0". Mark bearings and elevations for 
each point. 

Place below an oblique drawing of the footing in Sheet 4-1. Scale 
= I'-O". Give the necessary dimensions. 

Sheet 18-3 (Fig. 181) 

Make an oblique drawing of the tower shown in Fig. 181. Scale = 
I'-O". Dimensions may be omitted. 
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Sheet 18-4 (Fig. 18m) 

In the lower part of the drawing, place the top and the front view of the 
tool holder and above it put an oblique drawing of the same. All are to be 
full size and completely dimensioned. 






n 

T- 

K.IO 

1 iTIi 
■ ..1 

T“ 

LU 


4 



Flu. 18w. 


Sheet 18-5 

Make an oblique drawing of the pipes represented by orthographic 
views in Fig. 6j. This is diagrammatic, hence there is no scale. Separate 
the various parts, however, .so that they show up clearly. Letter upon the 
drawing the given numbers and also the fixtures corresponding to those 
numbers. See text in connection with P’ig. for a description of the 
various accessories to plain pipe. 

This is the end of Lesson 18. This is a very interesting subject; proba¬ 
bly the pictorial drawings that you have used have already familiarized 
you somewhat with the subject. 



LESSON 19 


ISOMETRIC DRAWINGS 

The isometric drawing is somewhat similar to the oblique in that it 
resembles a skew view. Like the oblique, vertical distfinces are measured 
vertically. However, there are some differences. Distances to the right or 
left in orthographic or oblique views ai-e laid out to the right or left along 
lines sloping upward at an angle of 30° with the horizontal. Distances front 
or back are measured to the right or left along lines sloping to the right at 
angles of 30° with the horizontal. In this way 
the oblique drawing, Fig. 18d, after these changes 
are made, becomes the isometric drawing shown 
in Fig. 19a. 

There are a number of important principles: 

Vertical lines are drawn vertically. 

Lines that are paralkd in space are parallel in 
the isometric. Fig. I9a. 

Distances shown in their true length in front and side views are shown 
vertically in their true length in the isometric. 

Distances shown in their true length in front and top views are seen 
extending to the left at 30° with the horizontal and in their true length. 

Distances shown in their true length in top and side views are shown in 
their true length in the isometric, extending 30° with the horizontal toward 
the right. 

An angle is laid off as in the oblique. Obtain the two lengths at right 
angles that determine the angle, then lay off these lengths according to the 
rules for the isometric. 

The instructions for making circles in faces not in the front view as given 
for oblique drawings hold for all circles in isometric drawings. The instruc¬ 
tion for irregular points may likewise be used except that it must be 
changed to conform to the isometric laws for plotting. 

If we extend the 30° lines down rather than up, we see the bottom 
rather than the top of the object; a drawing made this way is said to have 
‘Reversed axes.’' 

In dimensioning an object in the isometric we follow in general the rules 
for orthographic drawings. However, as in the oblique, extra caution is 
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necessary to show just what the limits are. If practicable, place the exten¬ 
sion lines in the prolongation of the object lines. 

Also as in the oblique, the guide lines for the lettering should be parallel 
to the corresponding dimension line and the slope of the lettering should 
be parallel to the corresponding extension lines. 

There is not so much variety in isometric as in oblique. Still, as far as 
possible, if the isometric is to be employed, use the isometric view that will 
show the object and its dimensions most clearly. Sometimes the student 
may be able to use either the oblique or the isometric, whichever will best 
serve his needs. 


REQUIRED WORK: LESSON 19 

Answer eight questions, make two sketches, do the' Ic'ttering, and draw one sheet. 

19-1. Compare isometric and oblique drawings. 

19-2. Explain how an angle is laid off. 

19-3. What distances are shown in their true length in the isometric? 

19-4. Wh(‘n would you prefer the obliciue and when the isometric if a pictorial 
drawing was to be made? 

Sheet 19-1 (Fig. 19r) 

19-5. How many tap bolts are used in this Vilock? 

19-6. What would be the weight of this block at .26 lbs. per cii. in.? 

Sheet 19-2 (Fig. 19d) 

19-7. State the extreme width of this block. 

19-8. What is the area of the lower recess? 

19-9. How does this compare with the upper recess? 

Sheet 19-3 (Fig 19e) 

19-10. What is the size of timber joist that this wdl carry‘s 
19-11. State the breadth of the supporting beam. 

19-12. What is the section of steel from which this hanger w^as made? 

Sheet 19-4 (Fig. 19/) 

19-13. Enumerate the different diameters of hole in this bench block 
19-14. State the smallest distance, edge of hole to outside of block. 

Sheet 19-5 (Fig. 19g) 

19-15. How many full-length rafters are shown? 

Note: Do not include those for the dormer. 

19-16. What IS the difference between a hip and a valley rafter? 

Sketches 

19-17. 

19-18. Sketch isometrically the two objects which you did not sketch in your 
19-19. last lesson. 

l9-?0. 
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LETTERING 

In Fig. 196 is a box title such as is used by many industrial firms. Please 
copy in ink. If grave faults appear repeat until you can produce an accept¬ 
able title. 

BURTON MACHINE CO. 

Lenox Pa. 

ASSEMBLY DRILL PRESS 

Drawn Do\e Rev. 

Traced Rev._ 

CheckedDate Rev._ 

ScaleRev._ 

Fio. 195. 

SHEETS 

All sheets are to be in ink upon tracing cloth. Students who are making 
good progrc'ss can begin to plan to do some of their work directly in ink 
without first making a copy in pencil. 

Sheet 19-1 (Fig. 19c) 

In Fig. 19c are shown two views of a holder for keeping bars in place 
while ends wcrc^ being milled. Copy it at a scale of 3" = I'-O", and then 



above it draw and dimension the object in the isometric at a scale of 6" = 
I'-O". Make 6" the height. 
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Sheet 19-2 (Fig. 19d) 

In Fig. 19d are shown two views of a base for a jig. Copy them at a 
scale of 6" = I'-O" and then draw and dimension the isometric of the object. 



Fig. I9d .—A jig biuse. 


Sheet 19-3 

Figure 19e shows two views of a hanger. This rests upon a central 
beam and supports a joist on each side. 

Draw and dimension the isometric at a scale of 3" = I'-O". 
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Sheet 19-4 (Fig. 19/) 

In Fig. 19/ are shown two views of a bench block. Copy these drawings 
with their dimensions, but make the scale full size. 

Then draw in the upper part of the sheet, also full size, the corresponding 
isometric omitting dimensions. 



Fig. 19/.—A bench block. 








184 


INDUSTRIAL DRAWING 


Sheet 19-5 (Fig. I9gf) 

Figure 19fli shows an isometric of the framing for the roof of a house. 
Copy it, making the size just twice that on your drawing. 

This is the end of Lesson 19. There is only one more lesson. Make it 
your best. 



Fio. 19iL—The framing for the roof of a house. 



LESSON 20 


PERSPECTIVE DRAWINGS 

A drawing in which the object is shown as it appears to the eye or as 
it is in a photograph is called a perspective drawing. 

The advantage of the perspective is the natural appearance of the 
object. The disadvantages are the extra labor required to construct it and 
the fact that measurements in general are not shown to scale. As one might 
foresee, these advantages lead to its employment in the building and allied 



industries where appearance is very important. The subject is a large one 
and we can touch only on a few fundamentals. 

The methods used are based upon an observer at a certain assumed view¬ 
point. See Fig. 20a. Between this observer and the object is supposed to 
be a vertical screen. What we draw is really the intersection upon that 
screen of the rays of light coming from the object to the observer's eye. 
We will give some helps that shorten the work but the essential principle is 
to obtain these intercepts; they are quite easily figured out. For example, 
if the vertical screen is 40 feet away and a pole 15 feet high is 120 feet 

40 

distant, on the perspective the pole should appear as — X 15 «« 6 ft. 

120 


186 
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The position of the eye of the observer is selected by the architect. In 
general, it should be chosen so that the object will not be unduly distorted. 
Often, the viewpoint is made the one in which most observers will view the 
building. Usually, the observer's eye is supposed to see both front and 
depth. A perspective looking squarely at the front of the building would be 
much like a front view without the advantages of the latter. 

As an example, let us consider the monument of Fig. 206. The top view 
h revolved to bring the line of sight vertical, while the front view is shown 
at the left. The latter is used only to get heights. The scale is 3^2^' = I'-O". 



The picture plane on which the object is supposed to be projected, is 
eliown and marked. It is drawn perpendicular to the line of sight; the view¬ 
point marked SP^ in plan is 43 feet in front of the nearest corner of the 
monument. Let us also specify that the eye of the observer is 6 feet above 
the base level; that the main part of the monument is 14 feet high while 
the vertex is 6 feet higher yet. 

Now since the corner d is right on the screen, it follows that it will be 
shown as a full size vertical line 14 feet long at a scale ~ I'-O". The line 
must be vertically below SP^j through aSP^. Quite clearly the other vertical 
lines on the monument will make vertical lines on the screen not so large as 
the one just found. Of course, this might be figured but shorter ways arc 
available. These vertical lines are located in the perspective view directly 
under their intercept in the plan. 

If now the side ad extended a very long distance, the line from SP^ to 
VPl would represent the line of sight in plan. VPjt would indicate its 
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interception on the screen and FP£ would represent it in a front view of the 
screen. However, it is a matter of common observation that parallel lines 
appear to meet on the horizon when they are continued a very long distance. 
It is evident then that all horizontal lines in the face adeh meet at VPl 
(Vanishing Point at the left). Similarly, all horizontal lines in cdhg or 
parallel planes, meet in the front view of the screen at VPr. These two 
vanishing points enable us to complete the perspective of the rectangular 
portion of the object. 

Sometimes the picture plane is not at a corner nor is there a good starting 
point. We can illustrate the method then employed in locating o, the vertex 



of the monument, Fig. 20c. Imagine that a horizontal line, parallel to one 
face, runs from o to the picture plane; its intercept on the plane would then 
be at j and it would be the full height or 20 feet; but then as one goes back 
from j to the original point, o, we are in the same system as cdhg and the 
lines vanish to VPr. However, the actual intercept from o can be obtained 
in the usual manner and the line to the vanishing point determines its 
height as shown. 

Dimensions on perspective drawings are not common. There is a scale 
for the drawings from which they are made but there is really no scale for 
the drawing itself. 
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REQUIRED WORK: LESSON 20 

Answer eight questions, make two sketches, do the lettering, and draw one sheet. 
20-1. Define the perspective. 

20-2. State advantages and disadvantages of the perspective. 

20-3. What determines the position of the observer? 

20-4. Is it possible to have a length on the perspective greater than that on the 
original drawing? 

Sheet 20-1 (Fig. 20c) 

20-5. Into how marty lengths (panels) is this bridge divided? 

20-6. What is the height of the bridge? 

Sheet 20-2 (Fig. lOj) 

20-7. How long is this bridge? 

20-8. What is its greatest height? 

Sheet 20-3 (Fig. 20/) 

20-9. State the size of the windows. 

20-10. How high is the top of the chimney from the ground? 

20^11. What is the pitch of the roof around the chimney? (So many inches vertical 
to 12" horizontal.) 

Sheet 20-4 (Fig. 2Qg) 

20-12. State the height of the base. 

20-13. How long is the handle? 

20-14. What is the greatest diameter of the jack? 

Sheet 20-5 (Fig. 2Qh) 

20-15. State the length of the handle. 

20-16. Give the three extreme dimensions of the base of the piece. 

Sketch a perspective of: 

20-17. A monument near you. 

20-18. The house where you live. 

20-19. The school building in which was held the last exercise that you attended. 
20-20. Your borough hall (City Hall). 
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LETTERING 

Letter this title in ink; copy it as closely as you can. If the result is 
not satisfactory, do not submit it but try it n gain 

CAR UNLOADER 
FOR 

GREAT LAKES SHIPPING CO, 
CLEVELAND OHIO 

Scale r-r-O' June 1943 
R. L . Pierce C. E. 

Fig 20d. 


SHEETS 

All sheets are to be in ink upon tracing cloth. 

Sheet 20-1 (Fig. 20e) 

Draw a perspective, an isometric, and an oblique of the bridge shown 
in Fig. 20e. The scale will be = I'-O" for the latter two and about 
that for the perspective. 



Fig. 20e. 
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Sheet 20-2 (Fig. lOj) 

Draw a perspective of this bridge, making the scale about ~ l^■0^^ 
Sheet 20-3 (Fig. 20/) 

Draw a perspective of this building, making the viewpoint 66 feet from 
the picture plane at the front corner at an angle of 120° with the longer 



side. The viewpoint is 6 feet above the foundations. W — Window and 
D = Door. The scale of cut is — I'-O", of your work about = 
I'-O". 
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Sheet 20-4 (Fig. 20fli) 

The pictorial drawing in Fig. 20g represents a small machinist’s jack. 
Draw the same full size orthographically. It will be necessary to show the 



handle separately. Because of the fact that all parts are round, one view 
of each is enough. Dimension. 
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Sheet 20-5 (Fig. 20A) 

The drawings in Fig. 20A show a vise. Draw orthographic front, top, 
and right side views at a scale of 6" = I'-O". Dimension. 



Fig. 20^.—vise. 

We have now reached the end, not only of Lesson 20 but of this text. 
We trust that the instruction has been thorough and that you have 
benefited. 

Let us again emphasize the fact that we have felt obliged to limit our¬ 
selves to what can be thoroughly learned in 20 lessons. There is a great 
deal more to be studied. We hope that you are not satisfied but remain a 
student, always anxious to learn more about your profession. 



INDEX 


A 

Accuracy, 4 
Addendum, 96 
Angles, 19, 29, 30, 171 
dimensioning of, 60 
between pipes, 168 
true, 128-130 
Art gum, 27 

Auxiliary view, double, second, 137 
single, 119 
special, 128 

B 

Base line, 123 
Bearing, 56 

Bearings, surveying, 39-41 
Bill of material, 175 
Black print, 6 
Block, angle, 134 
bench, 183 
concrete, 88 
terra cotta, 88 
Blue print, 6 
Board, drawing, 10 
Bracket, 170 
Breaks, 62 

Bridge, 117, 124, 189 
C 

Cap line, 123 
Caster, 104, 105 
Circles, inking, 75 
Clearness, 4 
Clevis nut, 63, 69 
Cloth, pencil, 144 
tracing, 102 
Compass, bow ink, 10 
bow pencil, 10 
pen, pencil, 9 
use of, 24, 25 
Connector, hose, 87 
Contours, 34 


Coordinate, jdane, 119 
Cotter pin, 41-43 
Cross link, 80, 81 
Cross-hatchmg, 85 
Curve, artificial, 25, 26 
construction of, 33 
irregular, 11, 25, 26 
natural, 25 

D 

Dedendum, 96 

Dimension, architectural practice, defini¬ 
tion of, 58 

location of, mechanical practice, 59 
Dimensioning, 58 -66 
angles, 60 
rules of, 60, 62 
typical examples of, 64, 65 
Distance, measurement of, 38 
Dividers, bow, plain, 8 
Dog, 69 
Dotted line, 51 
Drawing, circles, 24, 25 
curved lines, 24-26 
ellipse, 26 
in ink, 71 

isometric, 2, 3, 179 
making a, 5 
oblique, 2, 3, 172 
orthographic, 3, 4 
perspective, 2-4, 185 
printing a, 5 
Drawing board, 10 
Drawing materials, 8 
Drop line, 123 
Duplication, 5 

E 

Ellipse, 26 
construction of, 76 
Erasure, 12, 27 
ink, 77 
shield, 12, 27 
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INDEX 


F 

Fireplace, 106 
Footing, 52, 64, 123, 109 
Form of lettering, 16, 26 

G 

Gasket, 41, 44 
Gear, circles of, 96 
computations, 97 
wheel, 97 

Grinder, guard, 108, 117 
wheel support, 104 
Gage, center, drill, wire, 41, 46 

H 

Hanger, beam, 182 
Height of lettering, 16 
Hexagon, construction of, 33 
Holder, bar, 181 
tool, 178 

Hopper, 112, 147, 148, 156, 157 
Hypotenuse, 27 

I 

Ink, India, 71 
Inking, circles, 75 
lettering, 71 
irregular curves, 75, 76 
order of, 77 

with pen, ruling pen, 72 
Instruments, description of, 9-12 
Invisible lines, 51 
Irregular curves, 25, 26 
Isometric drawing, 2, 3, 179 

J 

Jack, 70 
machinist's, 191 
Jig, 67 
base, 182 

K 

Key, gib head, Woodruff, 52, 54, 55 

L 

Left, 100-118 
Length, true, 128-130 


Lettering, 26-28, 41, 42, 94, 103, 115, 123, 
133, 141, 147, 154, 161, 169, 175, 181, 
189 

form of, 16, 26 
height of, 16 
in ink, 71, 78, 86 
numerals, 52 
Lettering pens, 12 
Line, ground, 186 
horizon, 186 
horizontal, 13, 14 
inclined, 15 
invisible, 51 
level, 131, 137-140 
piirallcl, 19 

passing through pyramid, 130, 132 
per])pndicular, 19 
piercing a plane, 130 
visible, 51 

Lines, alphabet of, 74 
M 

Materials, drawing, 8 
N 

Notes, surveyor's, 43, 45 

O 

Oblique drawing, 2, 3, 172 
angle of, 172 
circles in, 173 
dimensioning, 174 
Opposition, law of, 50 
Orthographic drawing, 3, 4, 36 

P 

Paper, fastening of, 13 
tracing, 61 

Parabola, construction of, 77 
Pen, lettering, 12 
ruling, 9 

Pencil, how to sharpen, 13 
Penholder, 12 

Perspective drawing, 2-4, 185 
Pipe fixtures, 82 
Piston, 106, 107 
Pitch circle, 96 
Plan, 36 

Plane, picture, 186 
Point, vanishing, 186 



INDEX 


196 


Post, tool, 56, 57 
Print, black, blue, 6 
Protractor, description of, 11 
use of, 39 
Pulley, 162, 176 

R 

Rest, tool, 116 
Reversal, 109-118 
Revolution, double, 163 
simple, 158 
Right, 109-118 
Riser of stair, 63 
Rivet, 41-43 
Rod, connecting, 125 
reinforcing, 43 

Roof, 135, 147-150, 155, 156 
framing, 184 
skew hip, 171 
Root circle, 96 
Ruling pen, 8 

S 

Scale, architect’s, 11, 38 
engineer’s, 37 
use of, 37 

Section, along axis of cylinder, 85 
broken, 93 
curved, 91 
definition of, 83 
irregular, 91 
partial, 91, 92 
revolved, 92, 93 
rules governing, 84 
Shaft, 43 

Sheet, standard, 6, 7 
Signs, conventional, 95 
Sketch, definition of, 15 
Skew, bridge, 142 
definition of, 140 
hopper, 147, 148 
Slant of lettering, 16 


Spacing of letters, 16, 145 
Span of truss, 17 
Stair tread, 63 

Support for grinder wheel, 104 
Surveying, 36 
Surveys, directions in, 39 
Symmetry, 99-108 

T 

Tolerance, 61 
Tool, 126 

Tool holder, 80, 81, 178 
Tool post, 66 
Tower, 177 
Tracing cloth, 102 
Tracing paper, 102 
Tread of stair, 63 
Triangles, use of, 19, 29, 30 
T-square, 10 
Truss, Howe, 134 

V 

Valve, automobile, 68 
gate, 89 
inlet, 44 
Vellum, 61 
View, line, 151 
Views, auxiliary, 119-127 
in combination, 47-57 
commonly used, 47 
description of, 36 
how obtained, 49-51 
locating, 53 
position of, 49 
projection method, 48 
special auxiliary, 128, 136 
Vise, 192 
Visible lines, 51 

W 

Waist line, 123 
Woodruff key, 52, 54 





